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DRIVES AND THE C.N.S. (CONCEPTUAL NERVOUS SYSTEM)' 


D. O. HEBB 
McGill University 


The problem of motivation of course 
lies close to the heart of the general 
problem of understanding behavior, yet 
it sometimes seems the least realistically 
treated topic in the literature. In great 
part, the difficulty concerns that c.n.s., 
or “conceptual nervous system,” which 
Skinner disavowed and from whose in- 
fluence he and others have tried to es- 
cape. But the conceptual nervous sys- 
tem of 1930 was evidently like the gin 
that was being drunk about the same 
time; it was homemade and none too 
good, as Skinner pointed out, but it was 
also habit-forming; and the effort to 
escape has not really been successful. 
Prohibition is long past. If we must 
drink we can now get better liquor; 
likewise, the conceptual nervous system 
of 1930 is out of date and—if we must 
neurologize—let us use the best brand 
of neurology we can find. 

Though I personally favor both alco- 
hol and neurologizing, in moderation, 
the point here does not assume that 
either is a good thing. The point is 
that psychology is intoxicating itself 
with a worse brand than it need use. 
Many psychologists do not think in 
terms of neural anatomy; but merely 

1 Presidential address, Division 3, at Ameri- 
can Psychological Association, New York, 
September, 1954. The paper incorporates 
ideas worked out in discussion with fellow 
students at McGill, especially Dalbir Bindra 
and Peter Milner, as well as with Leo Post- 


man at California, and it is a pleasure to re- 
cord my great indebtedness to them. 


adhering to certain classical frameworks 
shows the limiting effect of earlier neu- 
rologizing. Bergmann (2) has recently 
said again that it is logically possible to 
escape the influence. This does not 
change the fact that, in practice, it has 
not been done. 

Further, as I read Bergmann, I am 
not sure that he really thinks, deep 
down, that we should swear off neu- 
rologizing entirely, or at least that we 
should all do so. He has made a strong 
case for the functional similarity of in- 
tervening variable and hypothetical con- 
struct, implying that we are dealing 
more with differences of degree than of 
kind. The conclusion 7 draw is that 
both can properly appear in the same 
theory, using intervening variables to 
whatever extent is most profitable (as 
physics for example does), and con- 
versely not being afraid to use some 
theoretical conception merely because it 
might become anatomically identifiable. 

For many conceptions, at least, Mac- 
Corquodale and Meehl’s (26) distinc- 
tion is relative, not absolute; and it 
must also be observed that physiologi- 
cal psychology makes free use of “dis- 
positional concepts” as well as “exist- 
ential” ones. Logically, this leaves 
room for some of us to make more 
use of explicitly physiological constructs 
than others, and still lets us stay in 
communication with one another. It 
also shows how one’s views concerning 
motivation, for example, might be more 
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influenced than one thinks by earlier 
physiological notions, since it means 
that an explicitly physiological concep- 
tion might be restated in words that 
have—apparently—no physiological ref- 
erence. 

What I propose, therefore, is to look 
at motivation as it relates to the c.n.s— 
or conceptual nervous system—of three 
different periods: as it was before 1930, 
as it was say 10 years ago, and as it is 
today. I hope to persuade you that 
some of our current troubles with moti- 
vation are due to the c.n.s. of an earlier 
day, and ask that you look with an 
open mind at the implications of the 
current one. Today’s physiology sug- 
gests new psychological ideas, and I 
would like to persuade you that they 
make psychological sense, no matter 
how they originated. They might even 
provide common ground—not neces- 
sarily agreement, but communication, 
something nearer to agreement—for 
people whose views at present may seem 
completely opposed. While writing this 
paper I found myself having to make a 
change in my own theoretical position, 
as you will see, and though you may 
not adopt the same position you may be 
willing to take another look at the evi- 
dence, and consider its theoretical im- 
port anew. 

Before going on it is just as well to 
be explicit about the use of the terms 
motivation and drive. “Motivation” 
refers here in a rather general sense to 
the energizing of behavior, and espe- 
cially to the sources of energy in a par- 
ticular set of responses that keep them 
temporarily dominant over others and 
account for continuity and direction in 
behavior. “Drive” is regarded as a 
more specific conception about the way 
in which this occurs: a hypothesis of 
motivation, which makes the energy a 
function of a special process distinct 
from those S-R or cognitive functions 
that are energized. In some contexts, 
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therefore, “motivation” and “drive” are 
interchangeable. 


MOTIVATION IN THE CLASSICAL 
(Pre-1930) C.N.S. 


The main line of descent of psycho- 
logical theory, as I have recently tried 
to show (20), is through association- 
ism and the stimulus-response formu- 
lations. Characteristically, stimulus-re- 
sponse theory has treated the animal as 
more or less inactive unless subjected 
to special conditions of arousal. These 
conditions are first, hunger, pain, and 
sexual excitement; and secondly, stimu- 
lation that has become associated with 
one of these more primitive motivations. 

Such views did not originate entirely 
in the early ideas of nervous function, 
but certainly were strengthened by 
them. Early studies of the nerve fiber 
seemed to show that the cell is inert 
until something happens to it from out- 
side; therefore, the same would be true 
of the collection of cells making up the 
nervous system. From this came the 
explicit theory of drives. The organism 
is thought of as like a machine, such as 
the automobile, in which the steering 
mechanism—that is, stimulus-response 
connections—is separate from the power 
source, or drive. There is, however, 
this difference: the organism may be 
endowed with three or more different 
power plants. Once you start listing 
separate ones, it is hard to avoid five: 
hunger, thirst, pain, maternal, and sex 
drives. By some theorists, these may 
each be given a low-level steering func- 
tion also, and indirectly the steering 
function of drives is much increased by 
the law of effect. According to the law, 
habits—steering functions—are acquired 
only in conjunction with the operation 
of drives. 

Now it is evident that an animal is 
often active and often learns when there 
is little or no drive activity of the kinds 
listed. This fact has been dealt with in 
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two ways. One is to postulate addi- 
tional drives—activity, exploratory, ma- 
nipulatory, and so forth. The other is 
to postulate acquired or learned drives, 
which obtain their energy, so to speak, 
from association with primary drives. 

It is important to see the difficulties 
to be met by this kind of formulation, 
though it should be said at once that I 
do not have any decisive refutation of 
it, and other approaches have their diffi- 
culties, too. 

First, we may overlook the rather 
large number of forms of behavior in 
which motivation cannot be reduced to 
biological drive plus learning. Such be- 
havior is most evident in higher species, 
and may be forgotten by those who 
work only with the rat or with restricted 
segments of the behavior of dog or cat. 
(I do not suggest that we put human 
motivation on a different plane from 
that of animals [7]; what I am saying 
is that certain peculiarities of motiva- 
tion increase with phylogenesis, and 
though most evident in man can be 
clearly seen with other higher animals.) 
What is the drive that produces panic 
in the chimpanzee at the sight of a 
model of a human head; or fear in 
some animals, and vicious aggression in 
others, at the sight of the anesthetized 
body of a fellow chimpanzee? What 
about fear of snakes, or the young chim- 
panzee’s terror at the sight of strangers? 
One can accept the idea that this is 
“anxiety,” but the anxiety, if so, is not 
based on a prior association of the 
stimulus object with pain. With the 
young chimpanzee reared in the nurs- 
ery of the Yerkes Laboratories, after 
separation from the mother at birth, one 
can be certain that the infant has never 
seen a snake before, and certainly no 
one has told him about snakes; and one 
can be sure that a particular infant has 
never had the opportunity to associate 
a strange face with pain. Stimulus 
generalization does not explain fear of 
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strangers, for other stimuli in the same 
class, namely, the regular attendants, 
are eagerly welcomed by the infant. 

Again, what drive shall we postulate 
to account for the manifold forms of 
anger in the chimpanzee that do not 
derive from frustration objectively de- 
fined (22)? How account for the pet- 
ting behavior of young adolescent chim- 
panzees, which Nissen (36) has shown 
is independent of primary sex activity? 
How deal with the behavior of the fe- 
male who, bearing her first infant, is 
terrified at the sight of the baby as it 
drops from the birth canal, runs away, 
never sees it again after it has been 
taken to the nursery for rearing; and 
who yet, on the birth of a second in- 
fant, promptly picks it up and violently 
resists any effort to take it from her? 

There is a great deal of behavior, in 
the higher animal especially, that is at 
the very best difficult to reduce to hun- 
ger, pain, sex, and maternal drives, plus 
learning. Even for the lower animal it 
has been clear for some time that we 
must add an exploratory drive (if we 
are to think in these terms at all), and 
presumably the motivational phenomena 
recently studied by Harlow and his col- 
leagues (16, 17, 10) could also be com- 
prised under such a drive by giving it 
a little broader specification. The curi- 
osity drive of Berlyne (4) and Thomp- 
son and Solomon (46), for example, 
might be considered to cover both in- 
vestigatory and manipulatory activities 
on the one hand, and exploratory, on 
the other. It would also comprehend 
the “problem-seeking” behavior recently 
studied by Mahut and Havelka at Mc- 
Gill (unpublished studies). They have 
shown that the rat which is offered a 
short, direct path to food, and a longer, 
variable and indirect pathway involv- 
ing a search for food, will very fre- 
quently prefer the more difficult, but 
more “interesting” route. 

But even with the addition of a curi- 
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osity-investigatory-manipulatory drive, 
and even apart from the primates, there 
is still behavior that presents difficul- 
ties. There are the reinforcing effects 
of incomplete copulation (43) and of 
saccharin intake (42, 11), which do not 
reduce to secondary reward. We must 
not multiply drives beyond reason, and 
at this point one asks whether there is 
no alternative to the theory in this 
form. We come, then, to the conceptual 
nervous system of 1930 to 1950. 


MOTIVATION IN THE C.N5S. 
oF 1930-1950 


About 1930 it began to be evident 
that the nerve cell is not physiologically 
inert, does not have to be excited from 
outside in order to discharge (19, p. 8). 
The nervous system is alive, and living 
things by their nature are active. With 
the demonstration of spontaneous ac- 
tivity in c.n.s. it seemed to me that the 
conception of a drive system or sys- 
tems was supererogation. 

For reasons I shall come to later, this 
now appears to me to have been an 
oversimplification; but in 1945 the only 
problem of motivation, I thought, was 
to account for the direction taken by 
behavior. From this point of view, 
hunger or pain might be peculiarly ef- 
fective in guiding or channeling activity 
but not needed for its arousal. It was 
not surprising, from this point of view, 
to see human beings liking intellectual 
work, nor to find evidence that an ani- 
mal might learn something without pres- 
sure of pain or hunger. 

The energy of response is not in the 
stimulus. It comes from the food, wa- 
ter, and oxygen ingested by the animal; 
and the violence of an epileptic convul- 
sion, when brain cells for whatever rea- 
son decide to fire in synchrony, bears 
witness to what the nervous system can 
do when it likes. This is like a whole 
powder magazine exploding at once. 
Ordinary behavior can be thought of 
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as produced by an organized series of 
much smaller explosions, and so a “self- 
motivating” c.n.s. might still be a very 
powerfully motivated one. To me, then, 
it was astonishing that a critic could re- 
fer to mine as a “motivationless” psy- 
chology. What I had said in short was 
that any organized process in the brain 
is a motivated process, inevitably, in- 
escapably; that the human brain is 
built to be active, and that as long as 
it is supplied with adequate nutrition 
will continue to be active. Brain ac- 
tivity is what determines behavior, and 
so the only behavioral problem becomes 
that of accounting for inactivity. 

It was in this conceptual frame that 
the behavioral picture seemed to negate 
the notion of drive, as a separate ener- 
gizer of behavior. A pedagogical ex- 
periment reported earlier (18) had been 
very impressive in its indication that the 
human liking for work is not a rare 
phenomenon, but general. All of the 
600-odd pupils in a city school, ranging 
from 6 to 15 years of age, were suddenly 
informed that they need do no work 
whatever unless they wanted to, that 
the punishment for being noisy and in- 
terrupting others’ work was to be sent to 
the playground to play, and that the re- 
ward for being good was to be allowed 
to do more work. In these circum- 
stances, all of the pupils discovered 
within a day or two that, within limits, 
they preferred work to no work (and 
incidentally learned more arithmetic and 
so forth than in previous years). 

The phenomenon of work for its own 
sake is familiar enough to all of us, 
when the timing is controlled by the 
worker himself, when “work” is not de- 
fined as referring alone to activity im- 
posed from without. Intellectual work 
may take the form of trying to under- 
stand what Robert Browning was try- 
ing to say (if anything), to discover 
what it is in Dali’s paintings that can 
interest others, or to predict the out- 
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come of a paperback mystery. We sys- 
tematically underestimate the human 
need of intellectual activity, in one form 
or another, when we overlook the intel- 
lectual component in art and in games. 
Similarly with riddles, puzzles, and the 
puzzle-like games of strategy such as 
bridge, chess, and go; the frequency 
with which man has devised such prob- 
lems for his own solution is a most sig- 
nificant fact concerning human motiva- 
tion. 

It is, however, not necessarily a fact 
that supports my earlier view, outlined 
above. It is hard to get these broader 
aspects of human behavior under labo- 
ratory study, and when we do we may 
expect to have our ideas about them 
significantly modified. For my views 
on the problem, this is what has hap- 
pened with the experiment of Bexton, 
Heron, and Scott (5). Their work is 


a long step toward dealing with the re- 
alities of motivation in the well-fed, 
physically comfortable, adult human be- 


ing, and its results raise a serious diffi- 
culty for my own theory. Their sub- 
jects were paid handsomely to do noth- 
ing, see nothing, hear or touch very 
little, for 24 hours a day. Primary 
needs were met, on the whole, very well. 
The subjects suffered no pain, and were 
fed on request. It is true that they 
could not copulate, but at the risk of 
impugning the virility of Canadian col- 
lege students I point out that most of 
them would not have been copulating 
anyway and were quite used to such 
long stretches of three or four days 
without primary sexual satisfaction. 
The secondary reward, on the other 
hand, was high: $20 a day plus room 
and board is more than $7000 a year, 
far more than a student could earn by 
other means. The subjects then should 
be highly motivated to continue the ex- 
periment, cheerful and happy to be al- 
lowed to contribute to scientific knowl- 
edge so painlessly and profitably. 
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In fact, the subject was well moti- 
vated for perhaps four to eight hours, 
and then became increasingly unhappy. 
He developed a need for stimulation of 
almost any kind. In the first prelimi- 
nary exploration, for example, he was 
allowed to listen to recorded material 
on request. Some subjects were given 
a talk for 6-year-old children on the 
dangers of alcohol. This might be re- 
quested, by a grown-up male college 
student, 15 to 20 times in a 30-hour pe- 
riod. Others were offered, and asked for 
repeatedly, a recording of an old stock- 
market report. The subjects looked for- 
ward to being tested, but paradoxically 
tended to find the tests fatiguing when 
they did arrive. It is hardly necessary 
to say that the whole situation was 
rather hard to take, and one subject, in 
spite of not being in a special state of 
primary drive arousal in the experi- 
ment but in real need of money outside 
it, gave up the secondary reward of $20 
a day to take up a job at hard labor 
paying $7 or $8 a day. 

This experiment is not cited primarily 
as a difficulty for drive theory, although 
three months ago that is how I saw it. 
It will make difficulty for such theory 
if exploratory drive is not recognized; 
but we have already seen the neces- 
sity, on other grounds, of including a 
sort of exploratory-curiosity-manipula- 
tory drive, which essentially comes down 
to a tendency to seek varied stimula- 
tion. This would on the whole handle 
very well the motivational phenomena 
observed by Heron’s group. 

Instead, I cite their experiment as 
making essential trouble for my own 
treatment of motivation (19) as based 
on the conceptual nervous system of 
1930 to 1945. If the thought process 
is internally organized and motivated, 
why should it break down in conditions 
of perceptual isolation, unless emotional 
disturbance intervenes? But it did 
break down when no serious emotional 
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change was observed, with problem- 
solving and intelligence-test perform- 
ance significantly impaired. Why should 
the subjects themselves report (a) after 
four or five hours in isolation that they 
could not follow a connected train of 
thought, and (6) that their motivation 
for study or the like was seriously dis- 
turbed for 24 hours or more after com- 
ing out of isolation? The subjects were 
reasonably well adjusted, happy, and 
able to think coherently for the first four 
or five hours of the experiment; why, 
according to my theory, should this not 
continue, and why should the organiza- 
tion of behavior not be promptly re- 
stored with restoration of a normal en- 
vironment? 

You will forgive me perhaps if I do 
not dilate further on my own theoretical 
difficulties, paralleling those of others, 
but turn now to the conceptual nervous 
system of 1954 to ask what psychologi- 
cal values we may extract from it for 
the theory of motivation. I shall not 
attempt any clear answer for the diffi- 
culties we have considered—the data 
do not seem yet to justify clear an- 
swers—but certain conceptions can be 
formulated in sufficiently definite form 
to be a background for new research, 
and the physiological data contain sug- 
gestions that may allow me to retain 
what was of value in my earlier pro- 
posals while bringing them closer to 
ideas such as Harlow’s (16) on one 
hand and to reinforcement theory on 
the other. 


MoTIVATION AND C.N.S. In 1954 


For psychological purposes there are 
two major changes in recent ideas of 


nervous function. One concerns the 
single cell, the other an “arousal” sys- 
tem in the brain stem. The first I shall 
pass over briefly; it is very significant, 
but does not bear quite as directly upon 
our present problem. Its essence is that 
there are two kinds of activity in the 


HEBB 


nerve cell: the spike potential, or actual 
firing, and the dendritic potential, which 
has very different properties. There is 
now clear evidence (12) that the den- 
drite has a “slow-burning” activity 
which is not all-or-none, tends not to 
be transmitted, and lasts 15 to 30 milli- 
seconds instead of the spike’s one milli- 
second. It facilitates spike activity 
(23), but often occurs independently 
and may make up the greater part of 
the EEG record. It is still true that 
the brain is always active, but the ac- 
tivity is not always the transmitted 
kind that conduces to behavior. Fi- 
nally, there is decisive evidence of pri- 
mary inhibition in nerve function (25, 
14) and of a true fatigue that may last 
for a matter of minutes instead of milli- 
seconds (6, 9). These facts will have 
a great effect on the hypotheses of 
physiological psychology, and sooner or 
later on psychology in general. 

Our more direct concern is with a de- 
velopment to which attention has al- 
ready been drawn by Lindsley (24): 
the nonspecific or diffuse projection sys- 
tem of the brain stem, which was shown 
by Moruzzi and Magoun (34) to be an 
arousal system whose activity in effect 
makes organized cortical activity pos- 
sible. Lindsley showed the relevance to 
the problem of emotion and motivation; 
what I shall attempt is to extend his 
treatment, giving more weight to corti- 
cal components in arousal. The point 
of view has also an evident relationship 
to Duffy’s (13). 

The arousal system can be thought of 
as representing a second major pathway 
by which all sensory excitations reach 
the cortex, as shown in the upper part 
of Fig. 1; but there is also feedback 
from the cortex and I shall urge that 
the psychological evidence further em- 
phasizes the importance of this “down- 
stream” effect. 

In the classical conception of sensory 
function, input to the cortex was via 
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the great projection systems only: from 
sensory nerve to sensory tract, thence 
to the corresponding sensory nucleus of 
the thalamus, and thence directly to one 
of the sensory projection areas of the 
cortex. These are still the direct sen- 
sory routes, the quick efficient trans- 
mitters of information. The second 


pathway is slow and inefficient; the ex- 
citation, as it were, trickles through a 
tangled thicket of fibers and synapses, 


there is a mixing up of messages, and 
the scrambled messages are delivered 
indiscriminately to wide cortical areas. 
In short, they are messages no longer. 
They serve, instead, to tone up the cor- 
tex, with a background supporting ac- 
tion that is completely necessary if the 
messages proper are to have their effect. 
Without the arousal system, the sensory 
impulses by the direct route reach the 
sensory cortex, but go no farther; the 
rest of the cortex is unaffected, and thus 
learned stimulus-response relations are 
lost. The waking center, which has long 
been known, is one part of this larger 
system; any extensive damage to it 
leaves a permanently inert, comatose 
animal. 

Remember that in all this I am talk- 
ing conceptual nervous system: making 
a working simplification, and abstract- 
ing for psychological purposes; and all 
these statements may need qualification, 
especially since research in this area is 
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moving rapidly. There is reason to 
think, for example, that the arousal sys- 
tem may not be homogeneous, but may 
consist of a number of subsystems with 
distinctive functions (38). Olds and 
Milner’s (37) study, reporting “re- 
ward” by direct intracranial stimula- 
tion, is not easy to fit into the notion of 
a single, homogeneous system. Sharp- 
less’ (40) results also raise doubt on 
this point, and it may reasonably be 
anticipated that arousal will eventually 
be found to vary qualitatively as well 
as quantitatively. But in general terms, 
psychologically, we can now distinguish 
two quite different effects of a sensory 
event. One is the cue function, guiding 
behavior; the other, less obvious but no 
less important, is the arousal or vigi- 
lance function. Without a foundation 
of arousal, the cue function cannot exist. 

And now I propose to you that, what- 
ever you wish to call it, arousal in 
this sense is synonymous with a gen- 
eral drive state, and the conception of 
drive therefore assumes anatomical and 
physiological identity. Let me remind 
you of what we discussed earlier: the 
drive is an energizer, but not a guide; 
an engine but not a steering gear. 
These are precisely the specifications of 
activity in the arousal system. Also, 
learning is dependent on drive, accord- 
ing to drive theory, and this too is ap- 
plicable in general terms—no arousal, 
no learning; and efficient learning is 
possible only in the waking, alert, re- 
sponsive animal, in which the level of 
arousal is high. 

Thus I find myself obliged to reverse 
my earlier views and accept the drive 
conception, not merely on physiological 
grounds but also on the grounds of some 
of our current psychological studies. 
The conception is somewhat modified, 
but the modifications may not be en- 
tirely unacceptable to others. 

Consider the relation of the effective- 
ness of cue function, actual or poten- 
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tial, to the level of arousal (Fig. 2). 
Physiologically, we may assume that 
cortical synaptic function is facilitated 
by the diffuse bombardment of the 
arousal system. When this bombard- 
ment is at a low level an increase will 
tend to strengthen or maintain the con- 
current cortical activity; when arousal 
or drive is at a low level, that is, a re- 
sponse that produces increased stimula- 
tion and greater arousal will tend to be 
repeated. This is represented by the 
rising curve at the left. But when 
arousal is at a high level, as at the 
right, the greater bombardment may in- 
terfere with the delicate adjustments in- 
volved in cue function, perhaps by fa- 
cilitating irrelevant responses (a high D 
arouses conflicting sH,’s?). Thus there 
will be an optimal level of arousal for 
effective behavior, as Schlosberg (39) 
has suggested. Set aside such physi- 
ologizing completely, and we have a 
significant behavioral conception left, 
namely, that the same stimulation in 
mild degree may attract (by prolonging 
the pattern of response that leads to 
this stimulation) and in strong degree 
repel (by disrupting the pattern and 
facilitating conflicting or alternative re- 
sponses). 

The significance of this relation is in 
a phenomenon of the greatest impor- 
tance for understanding motivation in 
higher animals. This is the positive at- 
traction of risk taking, or mild fear, and 
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of problem solving, or mild frustration, 
which was referred to earlier. Whiting 
and Mowrer (49) and Berlyne (4) 
have noted a relation between fear and 
curiosity—that is, a tendency to seek 
stimulation from fear-provoking objects, 
though at a safe distance. Woodworth 
(50) and Valentine (48) reported this 
in children, and Woodworth and Mar- 
quis (51) have recently emphasized 
again its importance in adults. There 
is no doubt that it exists. There is no 
doubt, either, that problem-solving situ- 
ations have some attraction for the rat, 
more for Harlow’s (16) monkeys, and 
far more for man. When you stop to 
think of it, it is nothing short of extra- 
ordinary what trouble people will go to 
in order to get into more trouble at the 
bridge table, or on the golf course; and 
the fascination of the murder story, or 
thriller, and the newspaper accounts of 
real-life adventure or tragedy, is no less 
extraordinary. This taste for excite- 
ment must not be forgotten when we 
are dealing with human motivation. It 
appears that, up to a certain point, 
threat and puzzle have positive moti- 
vating value, beyond that point nega- 
tive value. 

I know this leaves problems. It is 
not any mild threat, amy form of prob- 
lem, that is rewarding; we still have to 
work out the rules for this formulation. 
Also, I do not mean that there are not 
secondary rewards of social prestige for 
risk taking and problem solving—or 
even primary reward when such behav- 
ior is part of lovemaking. But the ani- 
mal data show that it is not always a 
matter of extrinsic reward; risk and 
puzzle can be attractive in themselves, 
especially for higher animals such as 
man. If we can accept this, it will no 
longer be necessary to work out tor- 
tuous and improbable ways to explain 
why human beings work for money, 
why school children should learn with- 
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out pain, why a human being in isola- 
tion should dislike doing nothing. 

One other point before leaving Fig. 2: 
the low level of the curve to the right. 
You may be skeptical about such an ex- 
treme loss of adaptation, or disturbance 
of cue function and S-R relations, with 
high levels of arousal. Emotion is per- 
sistently regarded as energizing and or- 
ganizing (which it certainly is at the 
lower end of the scale, up to the optimal 
level). But the “paralysis of terror” 
and related states do occur. As Brown 
and Jacobs (8, p. 753) have noted, “the 
presence of fear may act as an energizer 

. and yet lead in certain instances 
to an increase in immobility.” Twice 
in the past eight months, while this ad- 
dress was being prepared, the Montreal 
newspapers reported the behavior of a 
human being who, suddenly finding him- 
self in extreme danger but with time to 
escape, simply made no move whatever. 
One of the two was killed; the other 
was not, but only because a truck driver 
chose to wreck his truck and another 
car instead. Again, it is reported by 
Marshall (27), in a book that every 
student of human motivation should 
read carefully, that in the emotional 
pressure of battle no more than 15 to 
25 per cent of men under attack even 
fire their rifles, let alone use them effi- 
ciently. 

Tyhurst’s (47) very significant study 
of behavior in emergency and disaster 
situations further documents the point. 
The adult who is told that his apart- 
ment house is on fire, or who is threat- 
ened by a flash flood, may or may not 
respond intelligently. In various situa- 
tions, 12 to 25 per cent did so; an 
equal number show “states of confusion, 
paralyzing anxiety, inability to move 
out of bed, ‘hysterical’ crying or scream- 
ing,and soon.” Three-quarters or more 
show a clear impairment of intelligent 
behavior, often with aimless and irrele- 
vant movements, rather than (as one 
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might expect) panic reactions. There 
seems no doubt: the curve at the right 
must come down to a low level. 

Now back to our main problem: If 
we tentatively identify a general state 
of drive with degree of arousal, where 
does this leave hunger, pain, and sex 
drives? These may still be anatomi- 
cally separable, as Stellar (45) has 
argued, but we might consider instead 
the possibility that there is just one gen- 
eral drive state that can be aroused in 
different ways. Stellar’s argument does 
not seem fully convincing. There are 
certainly regions in the hypothalamus 
that control eating, for example; but is 
this a motivating mechanism? The very 
essence of such a conception is that the 
mechanism in question should energize 
other mechanisms, and Miller, Bailey, 
and Stevenson (31) have shown that 
the opposite is true. 

But this issue should not be pressed 
too far, with our present knowledge. I 
have tried to avoid dogmatism in this 
presentation in the hope that we might 
try, for once, to see what we have in 
common in our views on motivation. 
One virtue of identifying arousal with 
drive is that it relates differing views 
(as well as bringing into the focus of 
attention data that may otherwise be 
neglected). The important thing is a 
clear distinction between cue function 
and arousal function, and the fact that 
at low levels an increase of drive in- 
tensity may be rewarding, whereas at 
high levels it is a decrease that rewards. 
Given this point of view and our as- 
sumptions about arousal mechanisms, 
we see that what Harlow has empha- 
sized is the exteroceptively aroused, but 
still low-level, drive, with cue function 
of course directly provided for. In the 
concept of anxiety, Spence and Brown 
emphasize the higher-level drive state, 
especially where there is no guiding cue 
function that would enable the animal 
to escape threat. The feedback from 
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cortical functioning makes intelligible 
Mowrer’s (35) equating anxiety aroused 
by threat of pain, and anxiety aroused 
in some way by cognitive processes re- 
lated to ideas of the self. Solomon and 
Wynne’s (44) results with sympathec- 
tomy arc also relevant, since we must 
not neglect the arousal effects of intero- 
ceptor activity; and so is clinical anx- 
iety due to metabolic and nutritional 
disorders, as well as that due to some 
conflict of cognitive processes. 

Obviously these are not explanations 
that are being discussed, but possible 
lines of future research; and there is one 
problem in particular that I would urge 
should not be forgotten. This is the 
cortical feedback to the arousal system, 
in physiological terms: or in psycho- 
logical terms, the immediate drive value 
of cognitive processes, without inter- 
mediary. This is psychologically dem- 
onstrable, and Aas been demonstrated 
repeatedly. 

Anyone who is going to talk about 
acquired drives, or secondary motiva- 
tion, should first read an old paper by 
Valentine (48). He showed that with a 
young child you can easily condition 
fear of a caterpillar or a furry animal, 
but cannot condition fear of opera 
glasses, or a bottle; in other words, the 
fear of some objects, that seems to be 
learned, was there, latent, all the time. 
Miller (29) has noted this possibility 
but he does not seem to have regarded 
it very seriously, though he cited a con- 
firmatory experiment by Bregman; for 
in the same passage he suggests that my 
own results with chimpanzee fears of 
certain objects, including strange peo- 
ple, may be dealt with by generaliza- 
tion. But this simply will not do, as 
Riesen and I noted (21). If you try 
to work this out, for the infant who is 
terrified on first contact with a stranger, 
an infant who has never shown such 
terror before, and who has always re- 
sponded with eager affection to the only 
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human beings he has made contact with 
up to this moment, you will find that 
this is a purely verbal solution. 

Furthermore, as Valentine observed, 
you cannot postulate that the cause of 
such fear is simply the strange event, 
the thing that has never occurred be- 
fore. For the chimpanzee reared in 
darkness, the first sight of a human be- 
ing is of course a strange event, by defi- 
nition; but fear of strangers does not 
occur until later, until the chimpanzee 
has had an opportunity to learn to rec- 
ognize a few persons. The fear is not 
“innate” but depends on some sort of 
cognitive or cortical conflict of learned 
responses. This is clearest when the 
baby chimpanzee, who knows and wel- 
comes attendant A and attendant B, is 
terrified when he sees A wearing B’s 
coat. The role of learning is inescap- 
able in such a case. 

The cognitive and learning element 
may be forgotten in other motivations, 
too. Even in the food drive, some sort 
of learning is fundamentally important: 
Ghent (15) has shown this, Sheffield 
and Campbell (41) seem in agreement, 
and so does the work of Miller and his 
associates (3, 32, 30) on the greater re- 
inforcement value of food by mouth, 
compared to food by stomach tube. 
Beach (1) has shown the cortical-and- 
learning element in sex behavior. Mel- 
zack (28) has demonstrated recently 
that even pain responses involve learn- 
ing. In Harlow’s (16) results, of course, 
and Montgomery’s (33), the cognitive 
element is obvious. 

These cortical or cognitive compo- 
nents in motivation are clearest when 
we compare the behavior of higher and 
lower species. Application of a genuine 
comparative method is essential, in the 
field of motivation as well as of intel- 
lectual functions (22). Most disagree- 
ments between us have related to so- 
called “higher” motivations. But the 
evidence I have discussed today need 
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not be handled in such a way as to 
maintain the illusion of a complete 
separation between our various ap- 
proaches to the problem. It is an illu- 
sion, I am convinced; we still have 
many points of disagreement as to rela- 
tive emphasis, and as to which of sev- 
eral alternative lines to explore first, 
but this does not imply fundamental 
and final opposition. As theorists, we 
have been steadily coming together in 
respect of ideational (or representative, 
or mediating, or cognitive) processes; 
I believe that the same thing can hap- 
pen, and is happening, in the field of 
motivation. 
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It is probably true that most non- 
clinicians believe (with considerable jus- 
tification) that the clinical method does 
not meet the criteria of science. This 
belief is ordinarily founded on the fol- 
lowing grounds: The process by which 
the clinician arrives at a decision is 
private, quasi-rational, and nonrepeat- 
able. Frequently, the clinician cannot 
report with confidence exactly how he 
arrives at a decision. He cannot point 
at the datum, or the configuration of 
data, which led to his decision. And, if 
he could, he would be doing nothing 
more than providing us with an intro- 
spective report. When two clinicians 
are involved, one introspection is left 
to stand against another. In brief, 
clinicians’ judgments are a function of a 
process they cannot trace. It is as if we 
put our empirical data into a computing 
machine, the processes of which we did 
not understand and which frequently 
produced different results depending on 
which machine we used and when we 
used it. 

These criticisms are difficult to meet; 
the effort to remove them has centered 
around the development of clinical tests. 
The aim of the test is to produce a re- 
traceable process. However, this move- 
ment, while vigorous in a numerical 
sense—there are lots of tests—cannot 
quite ignore the skeleton in the closet. 
That is, in the last analysis, in the clini- 
cal situation the value of a test depends 


1 This paper was part of the Symposium on 
the Probability Approach in Psychology held 
at the Berkeley Conference for the Unity of 
Science, University of California, July, 1953. 
The author wishes to express his appreciation 
to Professor Egon Brunswik for suggesting 
his participation in the symposium. 


upon its agreement with some clinician’s 
judgment. The objectivity of the test is 
no defense against the clinician’s deci- 
sion. All the test can do is to become 
a reasonable facsimile of the clinician. 
And since the clinician stands alone as 
the ultimate criterion, tests stand or fall 
through their agreement with a reduc- 
tion process which remains a mystery. 

Since the clinical decision is the ul- 
timate criterion, the final measuring de- 
vice against which other techniques 
are evaluated, and since this decision 
process is a private one, it is hardly 
surprising that there is some question 
as to whether knowledge is increasing 
in clinical psychology and psychiatry. 
Therefore, this paper proposes a change 
in point of departure. 

The plan of the paper is this: First, 
two methodological issues are discussed 
—the partition between the observer 
and the object, and a distinction be- 
tween two types of reduction bases. 
Second, these methodological issues are 
interpreted to fit with behavioral fact in 
general and the clinical situation in par- 
ticular. Third, a method of research 
congruent with these behavioral facts is 
discussed. Finally, an example of the 
utility of this analysis is presented. 


PARTITION BETWEEN SUBJECT 
AND OBJECT 


Concerning the first of the methodo- 
logical points, some remarks by Lenzen 
(6) in connection with physics are quite 
relevant. Although these remarks may 
or may not carry significance for psy- 
chologists above the level of analogy, 
they are presented here because they 
clarify a problem common to psychology 
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and physics; i.e., interaction between 
observer and object. 

According to Lenzen, the partition ? 
between the object and observer shifts 
according to the intent of the observer. 
For example, “If a physicist is looking 
at a pointer on a scale, its status de- 
pends on the purpose of the observation. 
If he is using the instrument to measure 
an electric current, the pointer is an ex- 
tension of the observer; the object is 
the electric current. If the physicist is 
calibrating his instrument, the pointer 
is part of the object of observation; the 
light by which the pointer is seen is 
then an instrument which belongs to 
the observer” (6, p. 29). Thus, the 
partition shifts according to the purpose 
of the investigation. 

Now the same holds true for the clini- 
cal method. If the patient is being 
studied under usual circumstances, the 
partition stands between the subject 
being studied and the observer. Clearly 
the clinician is the observer, the subject 


or patient is the object being observed. 
If the clinician is studying a patient by 
means of a test, the test is an extension 
of the clinician just as a meter, say, is 


an extension of the physicist. If the 
clinician is studying a test, the scoring 
categories are the object of observation 
just as a pointer would be the object 


2 Lenzen explicates the meaning of the term 
“partition” as follows (6, p. 28): “Tactual 
perception is an interaction between a body 
and end organs such as those in the tip of a 
finger. If one touches a desk with a finger, 
the partition is between them. An observer, 
however, may be extended by mechanical de- 
vices. Bohr has cited the following example: 
If one firmly grasps a long stick in one’s 
hand and touches it to a body, the body 
touched is the object of observation, and the 
stick is an apparatus that may be viewed as 
part of the observer. It is a psychological 
fact that one locates the tactual aspect at the 
end of the stick, so that the partition is be- 
tween the body and the end of the stick. If, 
however, the stick is held loosely in the hand, 
the stick becomes the perceived object, and 
the partition is between stick and hand.” 
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for a physicist calibrating a meter. But 
the clinician almost invariably stands 
beyond the partition as the observer and 
in most situations the partition is at 
the object—the patient. 

There is an interesting parallel be- 
tween difficulties in observation in the 
clinical situation and in the observation 
of microphysical entities. Lenzen re- 
marks: 


In an observation of a micro-physical quan- 
tity there occurs an interaction between ob- 
ject and instrument; the instrument reacts 
against the object and may produce an un- 
predictable, finite change in the value of a 
quantity that is . . . being observed (6, p. 30). 

The observations of micro-physics require 
interpretation in terms of classical concepts 
but the fundamentally unpredictable, finite 
effects of the disturbances by the instruments 
of observation lead to a restriction in the ap- 
plicability of classical concepts to micro-physi- 
cal objects. The cognitive partition between 
object and apparatus is the seat of an in- 
determinacy which limits theoretical physics 
to the statistical prediction of the results of 
classically interpreted experiments (6, p. 31). 


The parallel between this situation 
and the clinical situation is clear. The 
clinician certainly interacts with the ob- 
ject being observed, and, in principle, 
“may produce an unpredictable, finite 
change” in the object. Moreover, the 
object may produce an “unpredictable, 
finite change” in the observer. 

There are thus two points to be made 
here. First, in order to understand the 
interaction between the clinician-ob- 
server and patient-object, it is proposed 
that we shift the partition to a point 


3In a sense, the clinician when describing 
a patient gives a report on the changes which 
happened to himself. Note Lenzen’s remark 
here: “In such observations (interaction be- 
tween subject and object) it is not possible to 
control the action of the measuring instru- 
ment upon the object, for the instrument can- 
not be investigated while serving as a means 
of observation” (6). It appears likely that 
the clinical psychologist has so infrequently 
been the subject of investigation because he 
has been serving primarily “as a means of 
observation.” 
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beyond the clinician-observer where our 
observations can take place in a non- 
interactive fashion. Second, it is pro- 
posed that we consider the “cognitive 
partition between object and [clinician]” 
to be an indeterminacy relation in a full 
theoretical sense, and utilize research 
procedures congruent with this proposi- 
tion. 

Stated otherwise, it is suggested that 
we consider the clinician not as a reader 
of instruments, as tradition has it, but 
as an instrument to be analyzed and 
understood in terms of a probability 
model. (An example of research follow- 
ing these propositions will be presented 
later.) We turn now to problems re- 
lating to a reduction base in the study 
of the clinical method. 


INTERSUBJECTIVE COMMUNICABILITY 


Consider next the problem of (macro-) 
physical measurement. The physical 
scientist begins with events which are 
both intersubjectively observable and 
communicable. That is, observers agree 
about a given event with a high degree 
of reliability and can readily communi- 
cate the reason for their response. Thus, 
observers of boiling and freezing points 
can agree not only as to when the 
liquid boils or freezes, but can point to, 
can communicate the basis for their de- 
cision. 

Now consider the situation with re- 
gard to behavior. Observers of the 
state of anger may agree that such a 
state exists (i.e., high reliability may be 
achieved), but they may not be able to 
communicate the basis for their deci- 
sion, or they may have decided on 
different evidence (i.e., intersubjective 
communicability is not achieved). 

The crucial question here is this: Is 
noncommunicability * merely due to 

4Perhaps a more nearly correct term here 
would be “limited intersubjective communica- 
bility.” In the interests of simplicity the 
author prefers to risk overstating the case— 
thus, “noncommunicability.” 
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technical difficulties sooner or later to 
be surmounted? Or is noncommunica- 
bility a direct reflection of behavior, 
that is, a starting point for the study 
of behavior rather than a difficulty to 
be eliminated if possible? Should it 
actually be the case that noncommunica- 
bility is a direct reflection of behavior, 
then psychologists should cope with it 
theoretically rather than treat it merely 
as a technical difficulty. If, on the other 
hand, noncommunicability is merely due 
to poor circumstances of measurement, 
then we must turn to the laboratory 
where circumstances can be arranged 
more neatly. Here it will be hoped that 
communicability can be arranged via 
operational definition. If this can be 
done (and it is likely that most psy- 
chologists believe it can), then clinicians 
will have to wait for the technical prob- 
lems of noncommunicability to be over- 
come in the laboratory. 

It is also likely, however, that many 
psychologists have misgivings about the 
rapidity with which this goal is being 
reached. For it does appear that such 
a position accepts uncritically the hy- 
pothesis that noncommunicability is 
simply a function of inadequate appa- 
ratus, i.e., poor techniques. An equally 
tenable hypothesis would be that the 
apparatus is not inadequate, but rather 
that noncommunicability is a phenome- 
non to be understood rather than one to 
be eliminated from study. One would 
then be faced with the problem of de- 
veloping a behavior theory and a re- 
search methodology appropriate to the 
problem. We now turn to the theo- 
retical problem, that of considering ob- 
server-object interaction and noncom- 
municability jointly in relation to the 
theoretical concept of vicarious func- 
tioning. 


VICARIOUS FUNCTIONING 


The notion of noncommunicability 
can be robbed of its metaphysical air 
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by consideration of the behavioral fact 
of vicarious functioning. Almost all 
students of behavior are in agreement 
with Tolman (8) and Brunswik (2) 
that higher organisms may substitute 
one form of behavior for another in or- 
der to achieve a goal. In the biologi- 
cal literature this phenomenon has been 
termed equifinality (2, p. 17). And 
concerning the perception of the envi- 
ronment, Brunswik and others have 
shown that cues to distance, say, may 
substitute for one another (1, p. 48). 
This phenomenon has been termed 
equipotentiality of cues.° Thus, vicari- 
ous functioning refers to the variability 
in what might be termed behavioral 
“output” (equifinality) and “input” 
(equipotentiality of cues for an organ- 
ism). 

Now the concepts of noncommunica- 
bility and observer-object interaction 
may be set in parallel to the concepts 
of equifinality and equipotentiality. 
Consider the clinical situation. The pa- 


tient is trying, say, to achieve a cer- 


tain goal. The clinician is attempting 
to discover the patient’s motive. The 
patient subst**utes one form of behav- 
ior for another as he attempts to achieve 
his goal (equifinality). The clinician 
perceives these behaviors, as they sub- 
stitute for one another, as cues which 
also substitute for one another (equipo- 
tentiality). Because of vicarious func- 
tioning, then, the clinician is hard- 
pressed to point at, to communicate, 
the basis for a decision (except in the 
special case where univocal cues are 
available). Moreover, the partition be- 
tween observer and object becomes in- 
distinct for the same reason. Vicarious 
functioning, then, lies at the heart of 
the private, quasi-rational nature of the 
clinical decision. (Lenzen’s phrase is 
certainly applicable here: “The cogni- 
tive partition between object and ap- 
paratus is the seat of an indeterminacy 


5 This matter is discussed at length by 
Brunswik (2, pp. 16-25). 
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...” [6, p. 31].) Thus, assuming 
vicarious functioning (equifinality and 
equipotentiality) to occur, noncommuni- 
cability and observer-object interaction 
are not merely regrettable clinical oc- 
currences to turn one’s back on, but are 
starting points for the analysis of the 
clinical method, provided the appropri- 
ate research method is available. 


REPRESENTATIVE DESIGN 


What are the requirements of an 
appropriate method? An appropriate 
method must permit vicarious function- 
ing to take place. It must take equi- 
potentiality and equifinality as given, 
and it must permit inductive generali- 
zations despite them. 

Brunswik’s development of a meth- 
odology which he terms “representative 
design” (1) seems to meet these cri- 
teria. Representative design is in part 
developed upon the concept of vicarious 
functioning, and requires that this fact 
of behavior not be eliminated (1, p. 23 
f., 48 f.; 2, sec. 8). 

The uncritical observance of the cri- 
teria of strict classical design (in con- 
trast to representative design) of ex- 
periments is, to my mind, a principal 
stumbling block to the advance of 
clinical psychology. As long as vicari- 
ous functioning is ruled out of the ex- 
perimental laboratory situation in ac- 
cord with the tradition of nomothetic 
behaviorism, and as long as the parti- 
tion between the clinical observer re- 
mains at the object, in accord with the 
tradition of clinical psychology, so long 
must clinical psychology and experi- 
mental psychology remain isolated disci- 
plines. However, it might be hypothe- 
sized that noncommunicability and ob- 
server-object interaction are not merely 
technical difficulties but reflections of 
vicarious functioning. Accepting this 
hypothesis, and shifting the traditional 
place of the partition from between the 
clinician and object to a point beyond 
the clinician, will then permit clinician- 
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patient interaction to be studied—pro- 
vided the nomothetic ideal is relin- 
quished and the principles of representa- 
tive design are invoked. 

Before turning to our examples it is 
worth noting some of Brunswik’s re- 
marks (2, p. 9) which will serve to em- 
phasize the importance of the separa- 
tion of subject and object as well as the 
ambiguities derived from vicarious func- 
tioning: 

Crucial turns in the history of ideas . . . are 
sometimes described as “Copernican revolu- 
tions.” They define a succession of increas- 
ingly threatening blows to the pride of the 
ego; in psychoanalytic terms, the history of 
science is one of “retreating narcissism,” or 
disentanglement of the objective from the sub- 
- jective and wishful. Copernicus himself de- 
throned man’s planet as the center of a 
faraway universe; Darwin dethroned the hu- 
man species as the absolute master of the ani- 
mal kingdom; Freud went still further and 
dethroned the conscious ego as the true repre- 
sentative of our own motivational dynamics. 
Kant and Gestalt psychology complete the 
picture by showing the subjectivity of the 
thing-language. Discovery of an ambiguous 
rather than univocal relationship between 
distant regions or variables seems to be at the 
root of most of such revolutions; the new 
“schools” protest the respective “constancy 
hypotheses.” 


This paper, then, protests the “con- 
stancy hypothesis” of the clinician, and 
the nomothetic bias of the laboratory 
psychologist. 

We now turn to two examples of re- 
search which utilize features of repre- 
sentative design and which should serve 
to clarify the above remarks. 


ILLUSTRATIONS 


Although our suggestions above indi- 
cate that our research should begin with 
the clinician-patient situation, we have 
found it simpler to begin with the cli- 
nician-test situation. That is, instead 
of beginning with the clinician “measur- 
ing” or interpreting a patient via the 
interview situation, we found it easier 
to begin with the situation where the 
clinician “measures” or interprets the 
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patient via a test. The principle is the 
same in both cases, however. 

Our first example, then, concerns the 
situation where the clinician interprets 
the Rorschach test. (Any other inter- 
pretive psychological test could have 
been used, or an example could be taken 
from clinical medicine.) An investiga- 
tion carried out by Todd (7) had as its 
purpose the study of the clinician as he 
perceives and responds to cues to the 
subject’s intelligence provided by the 
Rorschach test. Further, Todd’s inten- 
tion was to carry out this study in the 
same manner as a perception psycholo- 
gist working within the framework of 
representative design might study a 
subject’s perception of size, i.e., when 
multiple cues to distance are available 
to the subject. 

Think of the situation this way. 
Analogous to the meter stick for meas- 
uring the length of a body, we have a 
standard intelligence test. Analogous to 
physical cues for judging the length of 
the body we have Rorschach responses 
which can be categorized in various 
ways. The clinician’s task is to esti- 
mate IQ from the Rorschach responses, 
or cues, just as the subject’s task in the 
size constancy experiment is to esti- 
mate bodily size from physical cues in 
the environment. 

First, we may ask, how well does the 
psychologist perform? Obviously, the 
answer depends on the factor of infor- 
mation, i.e., his level of performance 
depends on the kind and amount of in- 
formation we give him.* For ten clini- 
cal psychologists judging the records of 
78 patients, and provided with cate- 
gorized responses alone, the median cor- 
relation coefficient between Rorschach- 
estimated IQ and Wechsler-Bellevue IQ 
was + “4” This is better than chance 
and i.' impressive. A_ reasonable 

6The Rorschach test provides two general 
kinds of material: one consists of the entire 
protocol which contains the subject’s re- 


sponses verbatim, and the other his categorized 
responses. 
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Fic. 1. 


Functional validity and mediating factors in clinicians’ judgments of IQ from the 


Rorschach test. 


question now is, would the addition of 
the verbal material in the subject’s re- 
sponse help or hinder the clinician? 
Such addition does help. The correla- 
tion increases to + .64.7 

Note that the first step follows our 
suggestion to set the subject-object par- 
tition which Lenzen speaks of at a point 
between the clinician and the experi- 
menter in order that we may study the 
clinician. In the above example we dis- 
cover the over-all functional validity of 
the clinician and Rorschach under two 
conditions—verbal material present and 
absent. 

Todd next turns to the matter of vi- 
carious functioning—the equifinality of 


TSophomores in elementary psychology, 
however, entirely naive with respect to the 
Rorschach, and estimating IQ on verbal char- 
acteristics alone, do practically as well, + .58. 
Apparently, therefore, training in the use of 
the Rorschach test adds little to proficiency, 
at least in this task. 


responses and equipotentiality of cues. 
First is the matter of the relationship 
of various Rorschach factors to IQ. 
Results concerning this question are 
presented in the left half of Fig. 1. It 
is clear that Rorschach responses have 
a hierarchical probability relationship 
(indicated by the less than perfect cor- 
relations between Wechsler-Bellevue IQ 
and the four Rorschach factors) to 
Wechsler-Bellevue IQ for this popula- 
tion of subjects whose protocols are the 
stimulus objects for these clinicians. 
The right half of Fig. 1 illustrates the 
relationship of certain cues to intelli- 
gence for the clinician. Here also we 
find a hierarchical probability relation- 
ship between Rorschach cues and clini- 
cians’ judgments of IQ.* (Intercue re- 


8Cf. the data concerning perception and 
“cue-family hierarchies” presented by Bruns- 
wik, as well as his discussion of Hull’s “habit- 
family hierarchy” (2). 
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lationships between R and M, etc., are 
also shown in the figure.) 

These data are urged as empirical evi- 
dence for the concept of vicarious func- 
tioning in the clinical situation. They 
are also urged as evidence for the diffi- 
culties of communication under these 
circumstances. 

It will be recalled that we suggested 
that the clinician be analyzed and un- 
derstood in terms of a_ probability 
model. We now turn to this question: 
Will the multiple correlation procedure 
provide a good model for predicting the 
responses of the clinician? ® That is, if 
a multiple regression formula is devel- 
oped for each clinician, will it be pos- 
sible to predict his responses (judg- 
ment of IQ) to a new set of Rorschach 
records? In an attempt to answer this 
question a multiple regression equation 
(based on the four factors best for each 
of the ten clinicians) was developed for 
each of ten clinicians on a sample of 39 


Rorschachs, and predictions made for 
each clinician for a new sample of 39 


Rorschach records. The responses pre- 
dicted for the clinicians correlated quite 
highly with their actual responses. For 
the ten clinicians the median r was 
+ .85, their individual correlations 
ranging from + .74 to + .92. Evi- 
dently the multiple correlation model 
which predicts that the clinician com- 
bines the data from the Rorschach in 
a linear, additive fashion is a good one 
—it predicts quite successfully in com- 
parison with most psychological ef- 
forts.?° 


® See Frenkel-Brunswik (3) for the first ap- 
plication of the multiple correlation approach 
to the analysis of trait-ratings. The reader 
will recognize the similarity of point of view 
taken here to that of Kelly and Fiske in re- 
viewing the performance of clinical psycholo- 
gists in the VA assessment project (5, pp. 
200-202). 

10 As an aside, one might ask, as do Kelly 
and Fiske (5), if the clinicians are as efficient 
as a multiple correlation procedure? The 
median correlation between clinicians’ judg- 
ments of IQ and Wechsler-Bellevue IQ was 
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Neither Todd nor the author, how- 
ever, would urge that the latter data be 
accepted as more than a surprising bit 
of evidence for the utility of the multi- 
ple correlation procedure as a theoreti- 
cal model. The point is this: given the 
shift in locus of the partition between 
subject and object, applying the con- 
cept of vicarious functioning in a repre- 
sentative design framework does make 
it possible to set up some probability 
model to predict the indeterminacy re- 
lation suggested earlier. 

Note that the design did not disturb 
the vicarious functioning of either re- 
sponses or cues. Todd did not, for ex- 
ample, hold all Rorschach responses 
constant except one, or disrupt their 
intersubstitutability by arranging them 
orthogonally as in a systematic fac- 
torial design. It is precisely because 
representative design requires that vi- 
carious functioning of cues be left un- 
disturbed (and thus “representative”) 
that we can specify the scope and pre- 
cision of our induction for each cli- 
nician—such specification being based 
upon the nature of the sample of Ror- 
schach protocols and the number of 
protocols in it. (Obviously inductions 
to other clinicians are foregone for sam- 
pling reasons.) 

From a practical standpoint, it should 
be mentioned that certain variations 
were found among the ten clinicians in 
the effective use of various Rorschach 
factors. Certain clinicians were found 
to be using invalid cues, others neglect- 
ing valid ones. This kind of practical 
information should lead to higher pre- 
dictive validities. 

A study by Herring (4) illustrates a 
further application. Herring studied the 
problem of clinical psychologists’ pre- 





+.470 (see Fig. 1). A multiple R computed 
on the four most valid Rorschach factors was 
+.479. Evidently the clinicians are as ef- 
ficient as a multiple correlation procedure. 
Those factors which were most valid also cor- 
related most highly with the clinicians’ judg- 
ments. 
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dictions of patients’ responses to surgi- 
cal anesthesia through the use of psy- 
chological tests. Because, according to 
medical authority, variability in re- 
sponse to surgical anesthesia can best 
be ascertained through medical clini- 
cal judgment, Herring utilized the con- 
ception of the clinical method outlined 
above on both sides of the experiment, 
the predictor side and criterion side. 

It may be seen from Fig. 1 that Todd 
worked only with the vicarious func- 
tioning of psychological variables. His 
“true” measure, IQ, was a normative 
one. Herring, on the other hand, dealt 
with a more common situation—no cri- 
terion available other than another ex- 
pert’s judgment. Ordinarily these two 
measures (judgments) are correlated, 
with no attention to the integration 
process involved on either side. Her- 
ring was able, however, through the ap- 
plication of the concept of both physio- 
logical vicarious functioning and psy- 
chological vicarious functioning, to trace 
through all these (partial) causal (?) 
chains so that the network of relation- 
ships became clear. That is, he was 
able to make some progress toward un- 
derstanding the relationships between 
(and among) the cues to which the 
medical clinician responded, the cues 
to which the clinical psychologist re- 
sponded, and, therefore the reasons for 
correspondence and lack of correspond- 
ence between the medical and psycho- 
logical clinicians’ judgments, i.e., the 
predictor and criterion variables. For 
example, Herring was able to show that 
one of three clinical psychologist’s pre- 
dictions did not correlate with the medi- 
cal clinicians’ criterion judgments be- 
cause the psychologist’s judgments were 
almost totally a function of one test— 
which happened to be invalid for this 
purpose. 

SUMMARY 

The attempt has been made here to 
scrutinize the clinical method from a sys- 
tematic, methodological point of view. 
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Lenzen’s remarks concerning the parti- 
tion between the subject and object 
were introduced in order to suggest that 
the clinician not be considered a reader 
of instruments, but an instrument to be 
understood in terms of a probability 
model. It was suggested that of two 
criteria for a reduction base, high reli- 
ability and communicability, the latter 
is difficult to achieve, not because of 
mere technical difficulties but because 
of a fundamental fact of behavior de- 
scribed as vicarious functioning. Bruns- 
wik’s “representative design” is asserted 
to be the research procedure which is 
congruent with vicarious functioning; 
its applicability is demonstrated by 
Todd, who also demonstrated the feasi- 
bility of applying a probability model 
to the clinical situation. 
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In 1896 John Dewey criticized the 
new reflex arc concept in psychology on 
a number of grounds and concluded 
that: “. . . the distinction of sensation 
and movement as stimulus and response 
respectively is not a distinction which 
can be regarded as descriptive of any- 
thing which holds of psychical events 
or existences as such” (1, pp. 369-70). 

Dewey used the familiar example of 
the child reaching for the flame, taken 
from William James. The theory he 
severely criticized was the one which 
simply stated that the sensation of light 
is a stimulus to the grasping as a re- 
sponse, etc. 

It was not until nearly a half-century 
later that experiments were performed 
which would allow a testing of the reflex 


arc concept in gross behavior—eye-hand 
coordination situations where some con- 
tinuous record of the position of the 
“child’s hand” and of the “flame” could 
be made. The experiments which allow 
for this kind of recording are called 


tracking experiments. The “flame” is 
now called the target; the “finger tip” 
becomes a special example of a number 
of controls, including variously loaded 
joy sticks and handwheels; the field of 
view, including that which the child sees 
of his hand, of the candle and of various 
reference objects, is now called the 
display. 

Except for the fact that S is now usu- 
ally limited to one or two dimensions in 
which he can move, and that his mo- 
tivation is directed by instruction rather 
than by curiosity or burning pain, ev- 
erything is pretty much the same with 
today’s “human operator” and yester- 
day’s enfant terrible. At least the clas- 
sic example of the reflex arc is no bet- 


ter as an example than is the modern 
one. 

There are but two things left to do 
to complete the similarity between the 
two examples. We must restrict the 
modern tracking to step-function inputs 
—sudden displacements of the target, 
in order to make it correspond to the 
sudden observance (or sudden lighting, 
if you will) of the candle in the classic 
example. Further, we shall only con- 
cern ourselves with the first half of the 
Dewey-James example where the child 
reaches for the flame. This phase illus- 
trates the negative feedback principle to 
be discussed in this paper. 

Tracking of step-function inputs, then, 
is a good example of the reflex arc. It 
is also a very special case of the psy- 
chophysical method of reproduction 
where the error contributed by S may 
eventually be reduced to zero. That is, 
tracking is the method of reproduction 
with knowledge of results and usually 
with continuous recording over time of 
the target and the control, or at least 
the difference between them. 

Today’s tracking, however, usually 
tends to-imply more than a particular 
experimental situation. There is a the- 
ory which goes along with most experi- 
ments of this sort: on the one hand it is 
a more precise statement of the reflex 
arc notion, and on the other hand it 
says some quite different things. 

Briefly stated, the theory of negative 
feedback extends to all systems which 
use a measure of the difference be- 
tween the target and the control to de- 
crease that difference (3). In the 
Dewey-James example, the difference 
between the finger tip and the flame is 
fed back and used to control perhaps 
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the velocity of the hand; the greater the 
distance to go, the faster the movement. 

We shall not concern ourselves here 
with the specific technical advantages 
of particular methods of analysis of 
feedback systems or with the special as- 
sumptions which many of these meth- 
ods employ, but will turn instead to the 
general notion of the feedback system 
as a model for the reflex arc situation. 
The purpose of this paper is: first, to 
ascertain whether or not feedback the- 
ory (or servo theory) answers any of 
the criticisms of reflex arc theory which 
were raised by Dewey in 1896; and 
second, to see in what ways feedback 
theory conflicts with the simple stimu- 
lus-response notion implied in the re- 
flex arc theory of Dewey’s day. 

First of all we notice that by its very 
nature of being a closed-loop theory, or 
a theory applying to systems which 
continually or continuously use a meas- 
ure of performance to control perform- 
ance, feedback theory meets Dewey’s 
objection that “[reflex arc] gives us 
literally an arc, instead of the circuit; 
and not giving us the circuit of which 
it is an arc, does not enable us to place, 
to center, the arc” (1, p. 370). Re- 
flex arc theory, as criticized by Dewey, 
was apparently an open-loop system. 
Servo theory closes the loop. 

Secondly, Dewey criticized the reflex 
arc notion as follows: 


Upon analysis, we find that we begin not 
with a sensory stimulus, but with a sensori- 
motor coordination, the optical-ocular, .. . 

Now if this act, the seeing, stimulates an- 
other act, the reaching, it is because both of 
these acts fall within a larger coordination; 
... the ability of the hand to do its work 
will depend, either directly or indirectly upon 
its control, as well as its stimulation, by the 
act of vision . . . The reaching, in turn, must 
both stimulate and control the seeing... 
(1, p. 358). 


Since the analysis of a feedback sys- 
tem is in no way vitiated if the system 
is made up of a number of subsystems, 








CHARLES W. SLACK 


it would seem that modern servo theory 
again fills the bill. 
Thirdly, Dewey stated: 


The sensation or conscious stimulus is not 
a thing or existence by itself; it is that phase 
of a coordination requiring attention because, 
by reason of the conflict within the coordina- 
tion it is uncertain how to complete it... . 
The end to follow is, in this sense, the stimu- 
lus.... From this point of view the dis- 
covery of the stimulus is the “response” to 
possible movement as “stimulus.” . . . Gener- 
alized, sensation as stimulus, is always that 
phase of activity requiring to be defined in 
order that a coordination may be completed 
(1, p. 368). 

This criticism of the reflex arc strikes 
at the heart of the matter, for it chal- 
lenges the validity of the stimulus and 
response as separate entities which are 
causally related in some way. 

We may expand upon this argument 
by means of a simple example from 
tracking: 


| --" 
—= 
‘ 
¢ 
¢ 
I 








0.50 seconos ——————"> 





Fic. 1. Diagram of typical step-function in- 
put and output. The solid line is the input 
presented to S through a narrow slit at a fast 
rate. The dotted line represents S’s attempt 
to keep his control pencil on the input. The 
error in initial response may be an under- 
shoot (as shown), an overshoot, or zero. 


Figure 1 shows a diagram of a typical 
step-function input (solid line) and out- 
put (dotted line). What was presented 
to S was a dot remaining motionless at 
one position on the field, and then its 
instantaneous displacement (/) to an- 
other position on the field. The dotted 
line shows S’s attempt to follow this 
displacement of the target with his own 
control. His control in this case was a 


pencil which he attempted to keep on a 
short segment of line (the solid line), 
which he viewed through a narrow slit. 
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His output was then recorded, super- 
imposed upon the input (which E pro- 
grammed for him by drawing lines at 
various positions and of various lengths, 
corresponding to time intervals, on a 
strip of paper which was fed past the 
slit where S’s pencil point was resting). 

This tracking input-output diagram 
might be taken as a slightly simpler ex- 
ample of the reflex arc situation than 
the child-candle. 

In order better to understand Dewey’s 
objection to the naive stimulus-response 
description of this type of behavior, we 
might attempt to apply stimulus re- 
sponse notation to the input-output dia- 
gram of tracking. Let us define the 
stimulus as a change in environment 
over time produced and measured by E 
by operations which he describes in 
such a way that they may be duplicated 
by others, and: (a) which, at any time, 
might provide some or all of the infor- 
mation leading to the response at that 
time, or (6) which, at any time, might 
possibly determine all or part of the re- 
sponse at that time, or (c) to which, at 
any time, the response might be related 
in some way, or (d) which is a neces- 
sary condition for the response. 

Now let us check through the charac- 
teristics of the input to find what meets 
the criteria listed above. 

First, the mere existence of the target 
dot somewhere (anywhere) on the field 
cannot alone be called stimulus. The 
existence of the target dot is not a 
change in environment over time; that 
is, the dot may always be there during 
the experiment. Furthermore, it meets 
none of the other criteria. The exist- 
ence of the target dot might be consid- 
ered a necessary condition for the re- 
sponse were it not for the fact that 
under certain conditions (after the es- 
tablishment of expectancies of various 
kinds) the response is obtained without 
the existence of the target dot (5). At 
any rate the existence of the target pro- 
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vides no information for the response, 
cannot possibly determine the response, 
and the response is not much related to 
the mere existence of the target. 

Second, the position of the dot rela- 
tive to the rest of the field (slit) is 
clearly not the stimulus. In the first 
place, we discover that the same re- 
sponse may be obtained to targets posi- 
tioned anywhere on the field. In the 
second place, the position of the dot on 
the field can in no way determine the 
extent of movement of S, nor provide 
information to determine the extent of 
movement. The S has to know “which 
way” and “how far” before he moves, 
and the position of the dot relative to 
the field does not tell him this. The 
position of the dot on the field (or in- 
deed, the position of the dot relative to 
any frame of reference of E’s) is not 
related to the response of S$ within a 
wide range of conditions. 

Third, the displacement of the target 
(the size of the movement /) cannot be 
called the stimulus since, if it were, we 
would be restricted only to the condi- 
tion shown where S’s position is equiva- 
lent to the position of the target just as 
displacement occurs. The displacement 
of the target, like the position of the 
target, does not tell S “which way” or 
“how far” except for the time right 
after the target moves and just before 
S moves. After S has started to move 
(either in the right or the wrong direc- 
tion), J can only be misleading infor- 
nation telling him “how far” or “which 
way.” 

The result of all this rather simple 
reasoning (not to be confused with 
Dewey’s more eloquent generalizations) 
is that we come to the conclusion that 
there is nothing about what E does to 
the environment which can alone be 
called the stimulus if we give the term 
stimulus any psychological relevance. 

Let us take a more functional view of 
the situation in an attempt to discover 
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what might be the “stimulus” as far as 
S is concerned. 

What must S know in order to be able 
to respond adequately? We gave the 
answer above when we said that he must 
know “which way” and “how far.” In 
order to know these, he must know 
“where he is” and where he “wants to 
be.” But the difference between where 
he is and where he wants to be, includ- 
ing sign, is the answer to the questions 
“which way” and “how far.” To the 
extent, then, that we can assume that 
S’s frame of reference relative to which 
he knows these things corresponds in 
important ways to the one E gave him 
(the slit), and furthermore to the de- 
gree that where S wants to be corre- 
sponds to where E wants him to be, we 
can say that the stimulus is equal to 
the “just past” difference between the 
dotted line and the solid line. Or, to 
paraphrase the statement made earlier, 
the difference between where S is and 
where he wants to be is continually 
used as the “stimulus” to decrease that 
difference. If we know where §S is (in 
the same regard as he knows it) and if 
we can assume that where S wants to 
be is equivalent to the position of the 
target relative to that regard, then, and 
only then can we specify what the 
“stimulus” is. But notice this about the 
“stimulus” which we have thus deduced. 
This “feedback” stimulus is much closer 
to Dewey’s idea of the stimulus than it 
is to the stimulus response notion which 
demands that the stimulus be defined 
a priori in terms of E’s frame of refer- 
ence. The Dewey feedback stimulus is 
far from a given, constant thing. It is 
an assumption—both on £’s part and 
upon S’s part. It is a continually 
changing thing. It depends upon where 
S is and S is moving. The S alters 
(and at times creates) the stimulus in 
just as real a sense as does E. Further- 
more, the very existence of the stimulus 
depends upon a “common ground” or 





CHaRLES W. SLACK 


frame of reference between E and S and 
upon common purposes between them. 
Both the child and the man who lights 
the candle are parties to a transaction 
which has no meaning in terms of either 
one separately. 

The “real” stimulus in the reflex arc 
is the error signal (difference between 
desired state and present state) and it 
is not the input defined in terms of E’s 
frame of reference. 

This statement is all right as far as 
it goes but it does not go far enough. 
The error signal, as E knows it, is the 
difference between the dotted line and 
the solid line. But S has at his com- 
mand, of course, only an estimate of 
this difference. There are threshold 
properties to be considered and there 
are constant and variable errors. Fur- 
thermore, there is much good evidence 
to show that S’s estimate of how far and 
which way he has to go is influenced 
to some extent by his past experience: 
there are serial order effects and “range” 
effects (2). Perhaps other more com- 
plex dependencies may affect S’s esti- 
mate, especially at high speeds of per- 
formance (6).1_ Are we to include all 
this in the term stimulus? If we are to 
give the term amy a priori psychological 
relevance we must consider some char- 
acteristics of S in our definition. If we 
do not want to be arbitrary about it, 
we are forced to qualify our definition 
of the term “stimulus” with the fol- 
lowing clauses: 

1. It is an abstraction out of a proc- 
ess, called, by Dewey, a transaction. 

2. It is created by S as well as by E. 

3. It is never fixed or constant unless 
both E and S want it to be. 

4. It is an assumption. 

5. It is at least a difference between 
two estimates—one with regard to the 


1The difference which exists between com- 
pensatory and follow tracking indicates that 
S is using more than the error signal upon 
which to base his response. 
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control and one with regard to the 
target. 

6. Experience and various psychologi- 
cal errors enter into this estimate. 

We may avoid the above argument 
by defining stimulus purely in physical 
terms, that is, relative to E’s frame of 
reference. We may define it as the ex- 
istence, or the position, or the displace- 
ment, or the brightness of the target or 
as all of these. But if we do this—i.e., 
define stimulus as independent of S, it 
is going to have no a priori psychologi- 
cal relevance. 

For purposes of clarity, we should 
have a word to stand for the heavy line 
in Fig. 1. We shall call this the input 
(input stimulus if you like), under- 
standing that we can never be sure 
what, if anything, it has been put into. 
The dotted line in Fig. 1 we call the 
output. When we use these words, we 
should remember that these are not 
psychological variables. Nor are they 
physical variables which are usually 
relevant to a psychological understand- 
ing of this transaction. The input is 
defined as what E does to the target, 


relative to the frame of reference he 


chooses. This is to give input an op- 
erational definition relative to his pur- 
poses as an experimenter. The output, 
while it can be defined relative to E’s 
frame of reference, can only have ex- 
istence for S relative to S’s purposes. 
Only in the event that S’s and E’s pur- 
poses overlap, that they have some 
goals in common, is an experiment 
possible. 

Now, what is true for the “real” stimu- 
lus (as opposed to the “irrelevant” 
stimulus described above )—namely, that 
defining it depends upon common pur- 
peses between E and S, upon common 
frames of reference, that it can be cre- 
ated and altered by both £ and S, and 
that it is an abstraction out of a com- 
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plex transaction—is likewise true for 
the response. 


CONCLUSION 


We have taken one of the simplest 
examples of the reflex arc and attempted 
to apply stimulus-response concepts to 
it. In trying to do this we have dis- 
covered that we do not know what the 
stimulus is unless we know what the 
response is and what previous stimuli 
and responses were and that, as a mat- 
ter of fact, we need quite a good un- 
derstanding of the transaction in order 
usefully to call anything the stimulus. 
The same line of argument can be used 
for the so-called response side. We do 
not know what the response is unless 
we know what the stimulus is. Feed- 
back theory tells us that the stimulus 
is at least the difference between the de- 
sired state and the present state. Our 
knowledge of psychology tells us that in 
this sense it must be a good deal more. 
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This paper presents a critical exami- 
nation of two propositions which link 
accurate social perception with com- 
petence in interpersonal behavior and 
with group efficiency. The first of these 
propositions maintains that the more 
knowledge an individual has concerning 
the intentions, preferences, and beliefs 
of other persons, the more effectively he 
can participate in group activity with 
those other persons. This proposition 
provides the rationale for much of the 
training we give to teachers, social work- 
ers, clinical psychologists, and others 
whose work involves continuing inter- 
action with people. 

Attempts to verify this proposition 
have ordinarily involved the use of high 
sociometric status or high sociometri- 
cally evaluated productivity as indexes 
of the individual’s interpersonal com- 
petence. With these indexes as cri- 
teria, considerable empirical evidence 
has been produced in support of this 
proposition. Chowdhry and Newcomb 
(3) found that persons who were socio- 
metrically chosen, by various criteria, 
tended to make the most accurate esti- 
mates of group opinion on topics rele- 
vant to the group’s aims and functions. 
Gage (8) found that high school seniors 
who did the most accurate job of pre- 
dicting the responses which others would 
make to the Kuder Preference Record 
also received a large percentage of 
their classmates’ sociometric choices. 
Greer, Galanter, and Nordlie (10) have 
reported that sociometrically popular 
members of infantry squads are more 
accurate than less popular members in 
predicting the sociometric positions of 
men in their squads. Norman (17) 


analyzed data obtained by a Veter- 
ans Administration research project and 
found that graduate students who were 
most often rejected by their classmates 
had the least realistic perceptions of 
others. Other investigators (2, 4, 9, 
21) have also reported positive relation- 
ships between accuracy of social percep- 
tion and interpersonal competence. 
The second proposition to be ex- 
amined here involves an extension of 
the first. It maintains that groups com- 
posed of individuals with accurate so- 
cial perceptions will be more efficient 
than groups composed of members with 
less accurate social perceptions. Faith 
in this proposition guides much of our 
marriage counseling and has sometimes 
been a factor in the selection of work 
crews and play groups. Much of the 
empirical evidence in support of this 
proposition has been provided by studies 
which were not directly concerned with 
group efficiency. Thus, Festinger and 
his associates (6) have frequently given 
group members erroneous impressions of 
one another and have found that such 
impressions can lead to restricted com- 
munication within the group, rejection 
of members, and to lowered group co- 
hesiveness. Such findings strongly sug- 
gest that inaccurate social perception 
can reduce the efficiency with which 
groups achieve either individual or 
group goals. Similar indirect support 
for the proposition is provided in a 
study by Dymond (5). She found that 
members of happily married couples 
(presumably groups which are efficient 
in achieving individual and group goals) 
made fewer errors than did members of 
unhappily married couples in predicting 
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one another’s responses to the Minne- 
sota Multiphasic Personality Inventory. 
More direct support is provided by Cot- 
trell and Dymond (4), whose ratings of 
group efficiency were positively cor- 
related with the average accuracy of 
group members in predicting one an- 
other’s self-ratings. Greer, Galanter, 
and Nordlie (10) have also provided 
direct support for the proposition. They 
found that infantry squads consisting of 
men who did a good job predicting one 
another’s sociometric positions within 
the group were rated more highly than 
other squads on performance of field 
maneuvers. 

Although the studies cited above pro- 
vide some basis for confidence in each 
of the two propositions, other studies 
have failed to produce positive findings. 
Thus, the first proposition appears to 
be contradicted by Campbell’s (18) 
failure to obtain a positive relationship 
between the accuracy with which naval 
officers judged the attitudes of their 
men and the officers’ popularity with 
the crew. Similarly, Sprunger (20) 
failed to obtain a positive correlation 
between the accuracy with which office 
supervisors perceived their subordinates 
and the popularity of those supervisors 
with their workers. Perhaps the most 
notable failure to confirm the second 
proposition is contained in the work of 
Fiedler, who has studied the perceptual 
accuracy of members of efficient and in- 
efficient basketball and surveying teams. 
His findings with respect to the effect 
of perceptual accuracy have been gen- 
erally negative.’ Indeed, there has some- 
times appeared to be a slight associa- 
tion of perceptual accuracy with inef- 
fective performance. 

The existence of contradictory find- 
ings suggests that the two propositions 
are neither completely true nor com- 


1 Fiedler, F. E. Personal communication, 
1954. Fiedler (7) has recently summarized 
other findings of these studies. 
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pletely false. It is probable that each 
is a true statement of a relationship 
which exists under certain limiting con- 
ditions, but a false statement when 
those limiting conditions do not prevail. 
If this is the case, it is desirable that 
the limiting conditions be identified and 
that the propositions be altered to take 
them into account. 

Such -limiting conditions might be 
identified by either of two methods. 
One method calls for a systematic and 
comprehensive analysis of the studies 
which have produced positive findings, 
and a comparison of those studies with 
others which have produced negative 
findings. Although in principle this 
method should be capable of identify- 
ing some of the conditions which deter- 
mine the validity of the propositions, 
it is a procedure which involves all of 
the practical difficulties encountered in 
any ex post facto analysis. The other 
method seeks to identify the limiting 
conditions through an examination of 
the assumptions which are implicit in 
the two propositions. These implicit as- 
sumptions may themselves specify some 
of the conditions under which the two 
propositions are likely to be valid. 

This paper will employ the second 
method in an attempt to identify cer- 
tain of the conditions which must exist 
in order that accurate social perception 
can lead to increased interpersonal com- 
petence and group efficiency. 


ASSUMPTIONS CONCERNING 
COLLECTIVE ACTION 


The term “collective action” will be 
used in this paper to designate the be- 
haviors of two or more persons who are 
attempting to satisfy needs or attain 
goals through copoerative effort in a 
“face-to-face” situation. Certain as- 
sumptions concerning the nature of col- 
lective action are implicit in the propo- 
sitions cited above. It is implied that 


efficient collective action is accomplished 
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through a dyadic process in which each 
participant adjusts his own behavior in 
response to the intentions and prefer- 
ences of others. This view of collective 
action has received wide support in the 
literature. Mead (14) has contended 
that integrated collective action requires 
that each individual “take the role of 
the other,” a process by which he gains 
insight into others’ intentions and pref- 
erences. Asch (1) has eloquently de- 
fended a theory of human interaction in 
which the existence of mutually shared 
psychological fields and the capacity 
for “taking into account the emotions 
and thoughts of others” provide the 
basis for coordinated group behavior. 
In a recent paper Newcomb (16) has 
pictured the communication process as 
one in which two or more participating 
individuals seek “simultaneous orienta- 
tion” to one another and to the events 
round about them. Such simultaneous 
orientation may be described as a rela- 
tionship in which each individual takes 
cognizance of, and adjusts to, the atti- 
tudes of others. Newcomb says this re- 
lationship is essential to human life. 
Sears (19) has contended that “a dy- 
adic unit can be derived from the com- 
bining of two or more monadic units” 
by taking into account the expectancies 
which one individual has of another’s 
behavior. It is these expectancies which 
are “responsible for maintaining the sta- 
bility of the dyadic unit.” Hebb and 
Thompson (11) have proposed a simi- 
lar explanation of collective action. Be- 
cause of man’s ability to anticipate not 
only his own next act and its effect, but 
also those of others, humans are capable 
of engaging in a kind of teamwork 
which is definitely lacking among other 
manimals. 

It is easy to agree with these writers; 
efficient collective action often does re- 
quire that each participant anticipate 
the behavior of others. If individuals 
engage in role taking, maintain simul- 
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taneous orientations, or have mutually 
shared fields, their collectively produced 
behavior sequences may constitute what 
Sears (19) has called a “dyadic sys- 
tem.” Group behavior can become 
“more than a fortuitously useful con- 
junction of individual actions” or a 
mere piling up of “parallel monadic se- 
quences.” It can be interlocking be- 
havior which leads to the achievement 
of individual or group goals with a mini- 
mum of wasted effort or needless dupli- 
cation of behavior. However, there are 
reasons for doubting that this concep- 
tion of collective action is universally 
valid. 

Basic to this conception of collective 
action is the assumption that individu- 
als are relatively free agents who are 
permitted to alter their own behaviors 
in response to their perceptions of the 
intentions or preferences of others. Fur- 
thermore, it is assumed that the changes 
which such perceptions produce in the 
individual’s behaviors will lead to a 
more thoroughly integrated dyadic sys- 
tem. Unless these assumptions are met, 
accurate social perception, whether it 
be achieved through role taking, simul- 
taneous orientation, or shared psycho- 
logical fields, can scarcely be expected 
to increase interpersonal competence or 
group efficiency. In the remainder of 
this paper it will be contended that 
much of our most efficient collective ac- 
tion occurs when neither of these as- 
sumptions is met, and under circum- 
stances which make accurate social per- 
ception relatively unimportant. 

Even when these two assumptions are 
met, accurate social perception may fail 
to permit or encourage efficient collec- 
tive action. It should be expected to 
do so only when the attributes, prefer- 
ences, or intentions which are accurately 
perceived are relevant to the task at 
hand. Accurate perception of irrelevant 
qualities in the other person may only 
prove to be distracting in its effect. In 
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the remainder of this paper “accurate 
social perception” will refer to the per- 
ception of qualities, preferences, and in- 
tentions which are relevant to the ac- 
tivities of the group. 


Roe SYSTEMS AND SOCIAL PERCEPTION 


Role systems often permit or compel 
individuals to produce efficient dyadic 
behavior sequences even though they 
know little about one another’s inten- 
tions or preferences. This contention 
will be clarified by the construction of 
a model with which to represent some 
of the characteristics of a role system. 

It will be helpful to imagine a matrix 
of columns and rows, creating a system 
of cells. Each of the columns will bear 
the name of a category of persons who 
are recognized as functionally distinct 
by the members of the collectivity. 
Such categories may fall along any of 
a number of dimensions like age, sex, 
material wealth, occupation, etc. It is 


not at all necessary that the categories 


be unidimensional, and in the case of 
most collectivities they will not be. It 
is only necessary that the members of 
the collectivity be capable of distin- 
guishing between the people who be- 
long in different categories. This re- 
quirement is easily met, for if people 
are not naturally distinguishable they 
may be made artificially distinguishable 
through the use of special clothing, in- 
signia, spatial arrangements, and a va- 
riety of other means. 

The rows in the matrix will each carry 
the name of a category of situations. 
Although groups may seldom categorize 
situations as explicitly as they cate- 
gorize persons, the multiplicity of stimu- 
lus situations precludes the possibility 
that each can be responded to as some- 
thing totally unique. As Merton (15) 
has pointed out, groups tend to evolve 
standard ways of classifying the situa- 
tions which are most frequently en- 
countered in collective action. Similar 
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situations tend to be classified into the 
same category and to be treated as 
though they were equivalent. Here, as 
in the case of categories of persons, 
there need be no apparent logic to the 
system. It is only necessary that par- 
ticipants be capable of assigning each 
situation to its proper niche. Standard 
assignment of situations to their ap- 
propriate categories can be achieved 
through a variety of socialization and 
indoctrination procedures. 

Into the cells which are created by 
the intersection of columns and rows 
will be placed the designation of the 
special behavior which is enforced by 
the collectivity. Thus, if the collec- 
tivity is a symphony orchestra, the cell 
created by the intersection of the col- 
umn “first violinist” and the row “third 
bar, Brahms’ Lullaby” might carry in- 
structions to produce specific musical 
tones at a specific tempo. Not all cells 
will receive unique entries, and some 
cells may receive no entry at all be- 
cause no special behavior is required of 
a category of persons in the situation 
represented by a row in the matrix. 

In terms of this model, a role con- 
sists of all those behaviors which are in 
the cells of a single column of a com- 
plete matrix. In the case of a symphony 
orchestra, the role of each participant 
is ordinarily described in detail by the 
musical score and each musician will 
know his own role though he may have 
only a limited understanding of other 
persons’ roles. The role system is rep- 
resented by the entire matrix and in- 
cludes the role of each participant. It 
constitutes a system because the various 
roles are interlocked in a way which 
produces highly integrated collective ac- 
tion. The behaviors expected of one 
person supplement those expected of 
others. Often, as in the case of a work 
group, the role of one participant can- 
not be enacted unless others are enact- 
ing their roles properly, and the inade- 
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quate performance of any one role may 
disrupt the entire system. 

It is the advantage of role systems 
that behavior synthesis has been incor- 
porated into the system itself, and that 
participants need not infer the strategies 
of their associates or improvise an effec- 
tive synthesis as they engage in collec- 
tive action. They need only to produce 
the behaviors which are situationally 
appropriate for members of their cate- 
gories. To be sure, other people and 
their behaviors will often be important 
elements in the situations to which the 
individual must respond. But this ordi- 
narily means only that each individual 
must take into account the overt be- 
havior of other categories of persons; 
it does not mean that he must make in- 
ferences concerning the idiosyncratic in- 
tentions or preferences of unique indi- 
viduals. Although participants may de- 
velop enduring expectations concerning 
the unique qualities of specific other 
individuals, these expectations are not 
part of the role system. Indeed, par- 


ticipants in a role system are often re- 
quired to ignore unique qualities and 
to treat one another as though each 
were a standard representative of a 


whole category. The individual who 
accurately projects himself into the 
unique psychological fields of others is 
likely to find it difficult to perform as 
a standard person or to treat others as 
such. And as Merton (15) has ob- 
served, any deviation from standard 
performance or standard treatment of 
others is likely to disrupt the whole 
role system. Consequently, those indi- 
viduals who deviate from standard prac- 
tice are likely to be ostracized. Given 
the existence of a role system, percep- 
tual accuracy which goes beyond that 
required for correct categorization of 
others may decrease group efficiency 
and reduce interpersonal competence. 
In this connection it is instructive to 
recall that Hemphill (12) found that 
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members of large groups (30 or more 
persons) tended to prefer leaders who 
did not treat them as unique indi- 
viduals. 

A large proportion of all collective 
action must be presumed to occur within 
the framework of role systems where 
the intentions and preferences of other 
persons may be largely irrelevant and 
where the individual’s freedom to ad- 
just to such intentions and preferences 
is, in any case, highly restricted. Naval 
crews, office staffs, and surveying teams 
are probable examples of groups which 
do have elaborate role systems. It is 
to be noted that investigations of such 
groups have generally failed to obtain 
a positive relationship between accuracy 
of social perception and group efficiency 
or interpersonal competence. A pos- 
sible contradiction of this trend is rep- 
resented by the study of infantry squads 
(10) in which accuracy in predicting 
the sociometric status of squad mem- 
bers correlated with group efficiency. 
However, accuracy in perceiving a 
status hierarchy is a particular type of 
accuracy which may be a by-product of 
efficient use of a role system. If, as 
may be expected, the efficiency of a 
squad is a function of the degree to 
which its members adhere to a role sys- 
tem, then efficient squads will be those 
which demand that members enact 
specified roles, and deviation from 
standard role performance will serve as 
a major reason for rejection of mem- 
bers. Members of efficient squads would 
then tend to make accurate predictions 
of one another’s positions in the status 
hierarchy because each will be aware of 
the major criterion which has guided the 
creation of that hierarchy. In squads 
where adherence to the role system is 
less highly stressed, efficiency should be 
lower and members should have more 
difficulty predicting the number of socio- 
metric choices each man will receive. 
Until the correctness of this explanation 
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is ascertained, it is probably unwise to 
regard this study as a clear contradic- 
tion of what appears to be a general 
trend. 

Although the published reports of re- 
search in this area are not sufficiently 
detailed to permit categorical state- 
ments, the reported findings seem to 
support the contention that efficiency in 
groups which operate within the frame- 
work of a role system is not increased 
by accurate understanding of others’ 
preferences and intentions. What are 
needed here are controlled studies in 
which groups with and without the 
benefit of a role system are confronted 
by situations requiring coordinated ac- 
tion. If role systems do, in fact, have 
the properties described above, accuracy 
of interpersonal understanding should 
have no relationship (or perhaps a nega- 
tive relationship) to the efficiency of 
groups which have appropriate role sys- 
tems. On the other hand, there should 


be a positive relationship between the 
perceptual accuracy and the efficiency 


of groups without role systems, assum- 
ing, of course, that members are moti- 
vated to cooperate.” 


SUMMARY 


This paper has examined two propo- 
sitions which maintain that accurate 
social perception is responsible for in- 
creased interpersonal competence and 
group efficiency. Although such propo- 
sitions have provided a basis for con- 
siderable “applied psychology,” empiri- 
cal research has sometimes raised doubts 
concerning their validity. In order to 
discover some of the limiting conditions 
under which the propositions are likely 
to be valid, it has been necessary to ex- 
amine the conception of collective ac- 
tion on which they are based. 

This examination has led to the fol- 


2The writer is at present conducting a 
laboratory study designed to test this con- 
tention. 
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lowing conclusions. Accurate social per- 
ception should promote interpersonal 
competence and group efficiency if: 
(a) the group members are motivated 
to cooperate; (5) the accurately per- 
ceived qualities are relevant to the ac- 
tivities of the group; (c) members are 
free to alter their own behaviors in re- 
sponse to their perceptions of other 
members; and (d) the _ behavioral 
changes which are a consequence of ac- 
curate social perception are the kinds 
which produce a more thoroughly inte- 
grated dyadic system. Whenever any 
one or more of these conditions is not 
met, accurate social perception should 
fail to have the effect predicted by the 
two propositions which have been the 
major concern of this paper. 

It has been contended that much of 
our most highly integrated and efficient 
collective action must be presumed to 
occur within the framework provided by 
role systems. Whenever this is the case, 
individual participants are neither re- 
quired nor permitted to let their percep- 
tions of other people’s intentions or 
preferences affect their behavior. Ac- 
curacy of social perception is largely 
irrelevant in such situations because it 
can have little effect upon individuals’ 
behaviors. Indeed, if it does affect in- 
dividuals’ behaviors, it is likely to in- 
terfere with role enactment, and, hence, 
to disrupt the behavior synthesis which 
is provided by the role system. 
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THINKING: FROM A BEHAVIORISTIC POINT OF VIEW * 
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Hull (10) has demonstrated that the 
habit family hierarchy and related prin- 
ciples may generate many hypotheses 
concerning behavior in relation to ob- 
jects in space such as might occur in 
the Umweg problem or simple kinds of 
novel behavior. He has thus shown 
that the elementary laws of behavior 
may be applicable to behavior of non- 
speaking organisms in so-called reason- 
ing situations. 

The purpose of this paper is to dem- 
onstrate that the principles formulated 
by Hull and by Spence may also be 
applicable to the problem solving of 
articulate humans. In this respect the 


present analysis has much in common 
with the important formulations con- 
cerning mediated generalization and 


problem solving by Cofer and his as- 
sociates (2, 3), Dollard and Miller (5), 
Doob (6), and Osgood (19). The be- 
havior theory involved may be outlined 
as follows. Behavior is a function of 
effective reaction potential (gE), which 
in turn is a multiplicative function of 
habit strength (sHp) and the effective 
drive state (D) minus the total inhibi- 
tory potential (Jz). The latter repre- 
sents the summation of reactive (/,) 
and conditioned (s/z) inhibition. It is 
assumed here that the effective drive 
state represents the summation of the 
anticipatory goal response (rg-sg) as 
well as the primary and secondary 
drives (23). Furthermore, the multi- 
plicative effect of the anticipatory goal 
response is restricted to its associated 
class of instrumental responses. 


1Portions of this paper were presented in 
a symposium on “Future Trends in Problem 
Solving” held at the 1954 meetings of the 
Western Psychological Auctittiegy 


The principal theoretical conception 
necessary for our account of problem 
solving is an extension of Hull’s spatial 
habit family hierarchy (9, 10). The 
great complexity of human thinking 
requires the formulation of what might 
be called compound temporal habit 
family hierarchies. In the spatial habit 
family hierarchy, alternative locomotor 
responses are elicited as a function, in 
part, of spatial and temporal distance 
from a goal. But in adult human prob- 
lem solving, responses in changing spa- 
tial relations to a goal are not usually 
elicited, although there are problems 
involving motor skills in which this 
may be the case. A typical perform- 
ance change in problem solving is in 
terms of verbal responses, and the 
change is solely a temporal one (4). 
Nevertheless, it is assumed that the 
principles operating in the spatial habit 
family hierarchy will to a large extent 
operate in the temporal hierarchy. Re- 
cent evidence in support of this as- 
sumption has been obtained by Rigby 
(21). 

The conception of a compound tem- 
poral habit family hierarchy is based 
upon the prior assumption that the ele- 
mentary laws of behavior derived from 
conditioning and applicable to trial- 
and-error and discrimination learning 
are also applicable, at least in part, to 
primary problem solving or reasoning, 
and thinking in general. That differ- 
ent kinds of behavior are observed in 
conditioning, trial-and-error, discrimi- 
nation, and problem-solving situations 
is not to be denied. But these different 
behaviors need not necessarily involve 
fundamentally different laws. Different 
behavior is observed in these situations 
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because the initial conditions are differ- 
ent, and the situations represent vary- 
ing degrees of complexity in the sense 
of the number of different variables and 
principles operating in them. Never- 
theless, it is reasonable to assume that 
at least some of the elementary laws 
derived from conditioning will lead to 
the development of the composition 
laws operating in human problem solv- 
ing. 

As Hull (10) has demonstrated, these 
elementary laws can account for many 
of the phenomena of simple trial-and- 
error learning. A_ hierarchy of re- 
sponses elicitable by a given stimulus, 
in which the correct response is rela- 
tively low in the hierarchy, character- 
izes this form of behavior, as shown in 
Fig. 1. Learning is said to be com- 
plete when the order of the response 
hierarchy has so changed that the cor- 
rect response is now dominant in the 
hierarchy. Hull has called this hier- 
archy of responses, elicitable by a given 
class of stimuli, the divergent mecha- 
nism (9). 

As Spence (22) and Hull (10) have 
demonstrated, the elementary laws of 
behavior derivable from conditioning 
situations can also account for many 
of the phenomena of simple. discrimina- 
tion learning. A hierarchy of stimuli 
eliciting a given response in which the 
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Fic. 1. Adivergent mechanism. The stimu- 
lus has varying tendencies to elicit the al- 
ternative responses. 


InviInG MALTZMAN 


S 
~*~ 
hy 


* 
Sa—— Ry 
yf 


sf 


Fic. 2. A convergent mechanism. The al- 
ternative stimuli have varying tendencies to 
elicit a given response. 


correct cue is relatively low in the hier- 
archy characterizes this form of be- 
havior, as shown in Fig. 2. Such learn- 
ing is said to be complete when the or- 
der of the stimulus hierarchy has so 
changed that the correct cue is domi- 
nant. Hull has called this hierarchy 
of stimuli eliciting a given response the 
convergent mechanism (9). 

A synthesis of the divergent and con- 
vergent mechanisms gives rise to the 
habit family hierarchy involved in be- 
havior sequences in relation to objects 
in space (9, 10). A hierarchy of this 
sort is shown in Fig. 3.? 

As seen in this figure, S, (the ex- 
ternal stimulus) and Sp (an internal 
drive stimulus) are capable of eliciting 
a given habit family hierarchy and 
equivalent responses leading to a given 


2 There have been a few minor deviations 
from Hull in the manner of diagramming the 
stimulus-response relationships in order to 
simplify their presentation. Instead of hav- 
ing a dashed line between the stimulus and 
each response member of the divergent mecha- 
nism, a single dashed line leading to a bracket 
is used. All bracketed responses are associ- 
ated with the stimulus. The number and 
length of the response sequences have also 
been reduced. A dashed line between a stimu- 
lus and a response signifies a learned associa- 
tion, while a solid line between a response 
and the cue it produces indicates an un- 
learned association. 
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goal. Common to all responses in the 
hierarchy is a fractional anticipatory 
goal response (rg,-sg,) which is asso- 
ciated with both the external and in- 
ternal sources of stimulation. Responses 
in the hierarchy may be elicited di- 
rectly by either the external or internal 
stimuli, or by both. The effects of re- 
inforcement or extinction of individual 
members of the hierarchy generalize to 
other members through the mediating 
mechanism of the anticipatory goal re- 
sponse and its stimulus. It therefore 
follows that the principles of condition- 
ing and trial-and-error learning should 
also apply, at least in a general way, 
to the habit family hierarchy. 

For example, if the reaction potential 
of the correct response leading to a 
goal is low in the hierarchy, then the 
generalized conditioned inhibition from 
the repeated failures of the dominant 
incorrect responses may reduce its ef- 
fective reaction potential below the re- 
sponse threshold. Attainment of the 
goal would never occur under the con- 
ditions present. Or, if the subject has 
a high degree of an irrelevant need such 
as anxiety, aside from the possible inter- 
fering effects coming from the compet- 
ing responses aroused by this drive, fail- 
ure to attain the goal under the above 
conditions would be even more pro- 
nounced. The increased effective drive 
state multiplying the habit strengths 
for the dominant incorrect responses 
and the weak correct responses would 
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A habit family hierarchy produced by a divergent and a convergent mechanism. 


increase the absolute difference in re- 
action potential between the two. Such 
a condition would produce a greater 
amount of conditioned inhibition gener- 
ated through the repeated extinction of 
incorrect responses. This in turn would 
increase the probability of failure. 

Another way in which changes in the 
habit family may occur is through the 
arousal of the fractional anticipatory 
goal response (rg,-sg,). Its arousal 
may produce an immediate increase in 
effective reaction potential for the re- 
lated responses. This effect occurs 
because it presumably enters into a 
multiplicative relationship with habit 
strength in the determination of reac- 
tion potential. 

A synthesis of habit family hier- 
archies gives rise to the compound 
habit family hierarchy involved in hu- 
man problem solving. A hierarchy of 
this sort is shown in Fig. 4. It is 
formed when the stimulus of a diver- 
gent mechanism becomes a member of 


8 For illustrative purposes we may substi- 
tute numerical values in the formula for re- 
action potential (sEr=sH XD). The sHr 
value for the dominant incorrect response is 
5; the sHr value for the weaker correct re- 
sponse is 2; drive has a value of 1. The ab- 
solute difference in reaction potential between 
the correct and incorrect responses is there- 
fore 3. If the drive state is increased to a 
value of 2, then the absolute difference be- 
tween responses becomes 6. A greater dif- 
ference in reaction potential must now be 
overcome before the correct response can be- 
come dominant in the response hierarchy. 
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a convergent mechanism as well. By 
the same learning process, responses of 
the divergent mechanism in question 
become responses in convergent mecha- 
nisms. In the compound habit family 
hierarchy not only does S, have the 
disposition for arousing its habit family 
hierarchy, but to varying degree the 
habit family hierarchies of Sz, and S¢ 
as well. There is a hierarchy of habit 
families elicitable by S,. An analogous 
condition holds for the other stimulus 





complexes, Sz and Sg. They have vary- 
ing amounts of reaction potential for 
the elicitation of the other habit family 
hierarchies. These relations as well as 
the drive stimuli have been omitted in 
Fig. 4, in order to avoid confusing de- 
tails. 

When the compound hierarchy is 
formed, R,, for example, originally 
only a member of the divergent mecha- 
nism elicitable by S,, becomes a mem- 
ber of a convergent mechanism. There 
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is now a hierarchy of stimuli, S4, Sz, 
Se with differing amounts of effective 
reaction potential for its elicitation. A 
similar state of affairs exists for the 
other response members of a hierarchy, 
as well as for the anticipatory goal re- 
sponses. The stimulus complex S,4 has 
varying amounts of reaction potential 
for the elicitation of the anticipatory 
goal response rg»-sg, and rg,-sg, as well 
as its original anticipatory response. We 
now have a hierarchy of habit family 
hierarchies or a class of classes of stimu- 
lus-response relationships.* Thinking in 
general, and problem solving in par- 
ticular, thus may involve the selection 
of habit family hierarchies as well as 
the selection of specific response se- 
quences within a hierarchy. 

If the selection of response classes or 
habit family hierarchies obeys the same 
principles as the selection of individual 
responses, then the task of discovering 
the principles of problem solving may 
be greatly facilitated. The laws de- 
rived from conditioning could then be 
used to account for changes in the 
compound hierarchy, without, of course, 
necessarily excluding other principles. 
Maltzman and his associates have ob- 
tained some experimental evidence in 
support of this assumption (16, 17, 
18). 

An additional basis for such an as- 
sumption is that the difference between 
instrumental conditioning and problem 


* This presentation of the compound habit 
family hierarchy is an oversimplification. For 
one thing, it does not indicate that individual 
response members of a habit family may po- 
tentially serve as the anticipatory goal re- 
sponse for other habit families. Also, the 
stimulus aspects of the compound hierarchy, 
and how they are related to concept forma- 
tion and perception, are not developed here. 

Theories of problem solving by Duncker 
(7), Duncker and Krechevsky (8) and by 
Wolters (25), although stemming from differ- 
ent points of view, have a number of char- 
acteristics in common with the compound 
habit family hierarchy. 
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solving in this respect may not be as 
great as it seems. In problem solving 
the members of a response class are 
qualitatively different—for example, dif- 
ferent verbal responses. Effects upon 
one member may influence other mem- 
bers through mediated generalization, 
as previously indicated. In instrumen- 
tal conditioning, changes in a response 
class, however, are aiso involved, be- 
cause precisely the same response may 
not occur on successive trials (10). 
There are differences in intensity and, 
perhaps, in quality in the successive 
bar-pressing responses in the Skinner 
box. Nevertheless the rate of bar press- 
ing increases with successive reinforce- 
ments. Learning occurs even though a 
given response is not precisely repeated, 
because a class of similar responses is 
reinforced as a result of simple stimu- 
lus and simple response generalization. 
The limits and the precise manner in 
which generalization occurs in the two 
situations are probably different. But 
because of its important theoretical im- 
plications for a theory of problem solv- 
ing, the similarity between the two 
situations in this respect should not be 
discounted. 

Changes in the order of dominance in 
the compound hierarchy may occur as 
a result of either or both of two effects. 
First, the effective reaction potential of 
the incorrect dominant habit families 
and their individual members may be 
decreased as the result of extinction. 
The initial response elicited in a given 
problem situation would tend to be the 
dominant response in a dominant habit 
hierarchy. If this response does not 
lead to a solution, as by definition it 
would not, it would receive an incre- 
ment in inhibitory potential, and re- 
sponses next in the order of dominance 
would tend to occur. There would be 
temporary extinction and spontaneous 
recovery of these incorrect responses. 
Eventually the inhibitory potential of 
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these responses would reduce their ef- 
fective reaction potential below that of 
the responses contained in the hier- 
archy next in the order of dominance, 
and so on. Each response in the hier- 
archy need not be elicited and extin- 
guished, however, since mediated con- 
ditioned inhibition may generalize from 
one member of a hierarchy to another. 
The anticipatory goal response of this 
hierarchy presumably would also ac- 
quire inhibitory potential, thereby fur- 
ther reducing the effective reaction po- 
tential of the related class of responses. 

A second general way in which changes 
in the order of dominance in a com- 
pound hierarchy may occur is by in- 
creasing the effective reaction poten- 
tial of the habit family or families 
initially low in the hierarchy which 
contain the correct responses. One 


way in which this may come about is 
as a result of previous reinforcement of 
individual members of the hierarchy in 


that situation. Through mediated gen- 
eralization all members of the _hier- 
archy would receive an increment in re- 
action potential. 

Another way in which a habit family 
may be raised in the compound hier- 
archy is through the arousal of the an- 
ticipatory response of the habit family. 
Elicitation of the anticipatory goal re- 
sponse produces an immediate increase 
in effective reaction potential for the 
related class of responses, for the rea- 
son previously mentioned (15). The 
antecedent condition for the anticipa- 
tory goal response is assumed to be 
commerce with a goal or a substitute, 
often symbolic, for the goal. In adult 
human problem solving the latter is the 
typical condition. Recent research indi- 
cates that verbal instructions given by 
the experimenter provide an important 
condition determining the arousal of 
the anticipatory response (2, 15). The 
consequent condition of its arousal is 
an increased probability of occurrence 
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of responses instrumental in attaining 
the goal in question. 

These different ways in which changes 
in the compound habit family hierarchy 
may occur are related to the different 
kinds of problem solving distinguished 
by certain writers. As Hull (10) has 
pointed out, any learning situation 
other than classical conditioning in- 
volves problem solving of some sort. 
The essential characteristics of a prob- 
lem-solving situation are that an or- 
ganism is motivated, and that attain- 
ment of some goal object satisfying 
that drive is dependent upon the organ- 
ism’s performing in a given manner. 
It is characteristic of problem solving 
that the appropriate response leading to 
goal attainment does not immediately 
occur. This is true to some extent in 
instrumental conditioning, and to a 
greater extent in trial-and-error learn- 
ing and in what has traditionally been 
called problem solving. 

Further distinctions between different 
kinds of problem solving have also been 
made. Maier (13, 14) has repeatedly 
distinguished between different func- 
tions responsible for problem solving, 
and has classified problem solving as 
either productive or reproductive. The 
latter kind of thinking according to 
Maier involves the application of previ- 
ously acquired experiences which lead 
to a correct solution in a new situa- 
tion. It is problem solving based on 
the transfer of training, or equivalent 
stimuli. Productive thinking on the 
other hand is the consequence of the 
integration of previously unrelated ex- 
periences. The integration is produced 
by a direction which is an “outside” 
force not itself a habit. 

The present treatment of problem 
solving, as previously indicated, makes 
use of the concept of the fractional an- 
ticipatory goal response. Certain func- 
tional characteristics of the anticipa- 
tory goal response appear to make it 
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an analogue of Maier’s concept of a 
new direction. However, among other 
things, we do not accept Maier’s re- 
striction that only productive thinking 
involves the combination of previously 
isolated habit segments, to use Hull’s 
terminology. To some extent this is 
the distinguishing characteristic of all 
thinking. It is the feature that sets it 
off from simple retention, and trial-and- 
error learning. All forms of thinking 
involve mediated generalization, and 
hence compounding of previously iso- 
lated habit segments. 

Nevertheless, there are differences 
between reproductive and productive 
thinking. Situations eliciting repro- 
ductive thinking often involve the pres- 
entation of a succession of problems. 
The solution of each of these requires 
the elicitation of different response 
members of the same habit family hier- 
archy. This habit family will then be- 
come dominant in the compound hier- 


archy, as the result of reinforcement of 
its response members and the extinc- 
tion of responses belonging to different 


habit families. As previously indi- 
cated, the increase in reaction potential 
of the entire class of responses as the 
result of reinforcement of individual 
members would occur as a consequence 
of mediated generalization. For ex- 
ample, subjects given a series of ana- 
grams whose solutions all belong to the 
same word category will have a greater 
frequency of success on subsequent 
anagrams of the same category than 
subjects without such prior experience 
(20). However, failure on individual 
problems may occur because a solution 
is still dependent upon selection of par- 
ticular responses within this one habit 
family. 

The occurrence of reproductive think- 
ing in situations where only a single 
problem is presented is also the conse- 
quence of the factors outlined. As a 
result of past training the dominant 
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habit family in the compound hierarchy 
contains the correct response. Solu- 
tion of the given problem depends upon 
extinction of the initially dominant in- 
correct responses within this one hier- 
archy. 

In productive thinking, on the other 
hand, a habit family initially low in 
the compound hierarchy must become 
dominant before a correct solution can 
be attained. This occurs as the result 
of the extinction of the dominant in- 
correct response hierarchies. Once the 
appropriate habit family is dominant 
a solution will occur, provided that the 
correct responses within that hierarchy 
in turn become dominant. The proto- 
cols of subjects in Duncker’s radiation 
problem exemplify this mode of think- 
ing (7). 

If a subject incorrectly anticipates 
the goal or solution to the problem— 
e.g., “destroy the tumor by means of 
rays sent over a path as free as pos- 
sible from healthy tissue”—the pro- 
posed solutions are alternative responses 
within the same dominant habit family, 
and are all attempts to achieve this 
end. Repeated failure of these pro- 
posals will produce extinction of the 
anticipatory goal response and its re- 
lated instrumental responses. As a 
consequence, another habit family may 
become dominant. The subject will 
now anticipate a different kind of solu- 
tion, such as “reduce the intensity of 
radiation.” As a result, all potential 
response sequences in the subject’s 
habit family leading to this goal are 
facilitated. If the correct solution 
(converging rays from different an- 
gles) is not the dominant response in 
this hierarchy, extinction of incorrect 
responses must occur before the solu- 
tion will be attained. 

In an actual protocol this orderly 
progression from one habit family to 
another is probably an infrequent oc- 
currence. The more typical case would 
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be one in which the reaction potentials 
of two or more habit families overlap. 
This would probably be the case after 
the first few responses from the domi- 
nant hierarchy have been extinguished. 
Thus reproductive and productive think- 
ing differ with respect to the kinds of 
changes which must occur in the com- 
pound hierarchy before a correct solu- 
tion can be attained. In reproductive 
thinking the habit families containing 
the correct responses are dominant at 
the outset of the problem, as the result 
of training and generalization from 
other situations. Or they rapidly be- 
come dominant in the compound hier- 
archy through the reinforcement of in- 
dividual response members of the habit 
family. In productive thinking the 
habit families containing the correct re- 
sponses are initially low in the com- 
pound hierarchy. They become domi- 
nant following the extinction of the 
dominant habit families which lead to 
incorrect solutions. 

Experiments on the effects of direc- 
tion in the pendulum problem by Maier 
(12) and by Weaver and Madden (24) 
are a special case of productive think- 
ing, in that instructions and demonstra- 
tions are employed to increase the re- 
action potential of the anticipatory goal 
response and individual response mem- 
bers of the habit families leading to a 
correct solution. The problem is to 
construct two pendulums which would 
make chalk marks on two different 
places on the floor. In Maier’s experi- 
ment (12) one group of subjects was 
given only the statement of the prob- 
lem. Other groups received the state- 
ment of the problem plus various ad- 
ditional instructions or demonstrations. 
One of these groups was given three 
different demonstrations of operations 
on the material which were necessary 
for solution of the problem. They 
were shown how to make a plumb line, 
how to combine poles by using a clamp, 
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and how to wedge poles against a sur- 
face. A third group was given these 
demonstrations and told that they must 
combine them for a solution of the 
problem. A fourth group was told that 
it would be advantageous if the pendu- 
lum could hang from the ceiling. They 
were given a “direction.” The fifth 
group received the demonstrations and 
the direction. All of the problem solu- 
tions except one occurred in this last 
group. 

According to the present formulation 
the experimenter’s statement that it 
would be advantageous to hang the 
pendulum from the ceiling tended to 
elicit an anticipatory response for this 
goal. A wide variety of equivalent re- 
sponses instrumental in leading to this 
goal therefore received an immediate 
increment in reaction potential. How- 
ever, for a correct solution to occur, cer- 
tain specific responses must be elicited. 
The three demonstrations given the last 
group increased the tendency of these 
responses to occur within their respec- 
tive habit family hierarchies. The in- 
creased frequency of solutions under 
these conditions would follow from the 
differential increase in reaction poten- 
tial of the relevant responses and the 
lawful nature of trial and error learn- 
ing. However, since a large number of 
responses belong to a given hierarchy, 
and the correct responses may still not 
be dominant, extensive extinction of in- 
correct responses must occur. If the 
correct responses are very low in the 
dominant hierarchy, a solution may not 
occur at all because of the extensive 
generalization of the effects of extinc- 
tion of the incorrect responses. An- 
other basis for failure in this group is 
that despite the instructions tending to 
arouse the appropriate anticipatory goal 
response, some subjects, presumably as 
the result of self-instructions, induce 
different anticipatory goal responses. 
These are the subjects that adopt an 
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inappropriate approach to the problem, 
according to Maier. 

Groups 2 and 3, which are not given 
the directional instructions but receive 
the demonstrations, also have an in- 
crease in reaction potential for the 
three response sequences necessary for 
a solution. However, the anticipatory 
goal response and the related class of 
responses necessary to suspend the pen- 
dulum from the ceiling are not increased 
in strength, which is presumably why 
these subjects failed to solve the prob- 
lem. However, contrary to Maier, 
Weaver and Madden (24) found no 
difference between the performance of 
groups 3 and 5. 

Their experiment implies that the ap- 
propriate habit family for suspending 
the pendulums from the ceiling may be 
elicited by self-instructions, or that the 
increase in habit strength of the three 
necessary response sequences by itself 
may be sufficient for the solution of the 
problem in some individuals. Why 
there was this discrepancy between the 
two studies, however, is not at all ap- 
parent. 

Throughout the previous discussion 
the systematic and theoretical status of 
the concept of thinking has only been 
implied. We shall now try to make it 
more explicit. According to the pres- 
ent systematic position, thinking is a 
defined concept or hypothetical vari- 
able. The specific definition that is 
given to it is the problem of theory, 
and will be discussed presently. Now 
we must explore further the conse- 
quences of the assumed systematic 
status of the concept. For one thing, 
thinking is not a response, verbal or 
otherwise, just as learning is not a re- 
sponse, and just as electricity is not the 
temperature of a conductor. All of 
these are dispositional concepts that 
are given empirical meaning by state- 
ments referring to their antecedent as 
well as their consequent conditions (1). 
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They are not equivalent to their mani- 
festations or consequent conditions. The 
insistence that thinking is a verbal re- 
sponse, a contraction of certain muscles, 
or activity in the central nervous sys- 
tem, is thus based on an inappropriate 
use of language. The verbal response, 
for example, is just one of several dif- 
ferent kinds of responses that may be 
taken as a criterion or manifestation of 
thinking. Other response criteria might 
be gestures, mimicry, motor skills, etc. 
Questions as to which ones may be 
taken as criteria, and under which con- 
ditions, as well as how they are related 
to thinking, are to be answered by ex- 
periments and theory. 

The present systematic position with 
respect to the relationship between 
thinking and verbal responses (the most 
frequently used criterion of thinking) 
may be made clearer by using the anal- 
ogy of bar pressing in the Skinner 
box. The assumptions here are analo- 
gous to the assumption that bar press- 
ing is a function of other variables be- 
sides learning. If a bar depression 
does not occur, it need not necessarily 
imply the absence of learning. The 
rat’s motivation may have been re- 
duced to a minimum; there may be 
temporary extinction of the response, 
or inhibition due to the arousal of com- 
peting responses by extraneous stimuli, 
etc. Similarly, the absence of a verbal 
or some other kind of response does not 
necessarily mean the absence of think- 
ing. It may be due to the absence of 
effective reaction potential for that par- 
ticular response; perhaps the relevant 
motivation is absent; or other response 
tendencies inhibit its appearance, etc. 
On the other hand, the presence of 
bar pressing does not necessarily imply 
that learning has occurred. It may be 
an operant level, some unconditioned 
response strength—in Hull’s terminol- 
ogy, sUr. Likewise, verbal responses 
may occur in the absence of thinking. 
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One aspect of this condition will be dis- 
cussed shortly. 

In the foregoing we have tried to ex- 
plicate the systematic status of the con- 
cept of thinking. We shall now turn 
to the more specific problem of how it 
may be treated within the framework 
of Hull’s theory of behavior. 

Since it is assumed that thinking as 
well as learning is a disposition or hy- 
pothetical variable, the problem now is 
to distinguish between the two con- 
cepts. If the two are defined in terms 
of the same operations and conse- 
quences, they have the same empirical 
meaning and the distinction is purely a 
verbal one. As commonly employed, 
the term learning refers to the acquisi- 
tion of a hypothetical state, sHpr, as a 
result of antecedent conditions such as 
the number of reinforcements. The 


consequent conditions are changes in- 


some response criteria such as de- 
creased latency, increased rate of re- 
sponding, etc. 


The term thinking as it is employed 
here refers to the utilization of new 
combinations of habit strength by ar- 


ticulate organisms. In other words, we 
assume that thinking is equivalent to a 
complex form of effective habit strength 
which is produced by mediated gener- 
alization. The reason for arbitrarily re- 
stricting the usage of “thinking” to hu- 
mans is the belief that extensive medi- 
ated generalization is necessary for the 
recombination of habit strengths to oc- 
cur, and complex mediated generaliza- 
tion of this sort is made possible pri- 
marily by linguistic responses. 

We have stated that thinking involves 
the utilization of learning in new com- 
binations, as distinguished from the 
acquisition of learning. A further prob- 
lem is to distinguish between thinking 
and retention, since the latter also in- 
volves the utilization of habit strength. 

The distinction is not always easy to 
make, and at times may be arbitrary. 
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But so is the commonly accepted dis- 
tinction between learning and retention 
(11). As previously noted, learning re- 
fers to the acquisition of a hypothetical 
state as a function of the number of 
reinforcements. Retention is a term 
referring to the persistence and subse- 
quent manifestation of that hypotheti- 
cal state. In a learning experiment, 
performance on trials after the first is 
a function of the persistence of previ- 
ous learning, or retention, from earlier 
trials. Only on the first trial is noth- 
ing more than the acquisition of habit 
strength involved. This entire process, 
however, is called learning even though 
much of it is actually retention. After 
the subject has reached some predeter- 
mined criterion, he is required to uti- 
lize in some manner the habit strengths 
previously acquired. He is asked to re- 
call the material previously learned, 
recognize, or relearn it, etc. In every 
case the responses originally acquired 
are elicited again to some extent. This 
implies that the habit strengths utilized 
in the test of retention are substantially 
the same as that originally acquired. 
Retention has as its consequent condi- 
tion the elicitation of some previously 
acquired response, presumably as a re- 
sult of the persistence of previously ac- 
quired habit strength. The term think- 
ing has as its consequent condition the 
elicitation of a response other than the 
previously acquired response as a re- 
sult of past learning. Habit strength 
previously acquired has entered into 
new compounds, has changed as the re- 
sult of mediated generalization. 

A fundamental problem for a be- 
havioristic psychology of thinking is to 
determine the laws governing these 
combinations and recombinations of 
habit strengths. Hull’s equations (10) 
for combining habit strengths in gen- 
eralization and compound stimulus 
situations are approximations of such 
composition laws. But they are only 
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first approximations, because the gen- 
eralization and compounding of habit 
strengths occurring in thinking are un- 
doubtedly a good deal more complex 
than those that Hull has treated. A 
basic problem in this respect would be 
the development of the laws of medi- 
ated generalization which, theoretically, 
produce the new compounds of habit 
strength, and empirically, produce the 
formation of new  stimulus-response 
classes. It is likely that the close con- 
nection between language and thinking 
(or even their equating) in certain 
theories results from the fact that lan- 
guage permits the greatest degree of 
mediated generalization and therefore 
thinking. 

Admittedly the theory of thinking 
and problem solving outlined here is 
loosely formulated and _ incomplete. 
Nevertheless, it at least has the merit 
that it relates human problem solving 
to behavior in simpler situations. It is 
an attempt to integrate the two, as dis- 
tinguished from the usual gestalt ap- 
proach which treats problem solving as 
divorced from the relatively large num- 
ber of principles derived from con- 
ditioning and trial-and-error learning. 
Although many of the principles de- 
rived from conditioning may not en- 
tirely apply to human problem solving, 
this is certainly an empirical question 
worth investigating. At the very least, 
these principles should yield significant 
hypotheses as to the factors determin- 
ing problem solving. 


SUMMARY 


A theory of human problem solving 
has been outlined, based upon the con- 
cept of a compound temporal habit 
family hierarchy, which is assumed to 
function, at least in part, according to 
the principles of conditioning and trial- 
and-error learning. Some of the char- 
acteristics of the compound hierarchy 
were noted, and its role in different 
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kinds of problem-solving situations was 
indicated. 

The systematic status of thinking 
from a behavioristic point of view was 
described as a disposition or hypotheti- 
cal state of the organism. Within the 
present theory it is equivalent to a new 
combination of habit strengths pro- 
duced, primarily, by mediated gener- 
alization. 
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A. L. TOWE 
Department of Physiology and Biophysics, University of Washington School of Medicine 


Among the most prominent features 
of any group of discrimination per- 
formance data are (a) the extensive 
daily variations in performance level of 
any subject and (6) the differences 
among subjects in the total number of 
training trials required to attain a 
specified criterion performance level. 
Psychologists have devised several 
methods designed to minimize these 
characteristics and thereby to display 
a continuous function designated a 
“learning curve.” The derived func- 
tion is very often thought to be a 
“curve of learning.” Such a manipula- 
tion seems implicitly to ignore, or even 
to deny, the tenet in psychology that 
all behavior is determined, and to rec- 
ognize certain behaviors as “chance or 
random” much after the manner of 
Aristotle. The psychologist, as a be- 
havioral scientist, ought not to slur 
over this inconsistency in behavior, but 
rather should deal with the problem in 
his thinking and his theorizing. One 
attempt to face up to the problem is 
tendered here without further apology. 

In 1932, Krechevsky (2, 3), extend- 
ing Lashley’s notion of ‘‘attempted solu- 
tions” (4), endeavored to account for 
discrimination learning in terms of “hy- 
potheses” during the presolution period. 
The basic supposition of the notion is 
that, so long as no hypothesis involves 
the differential cue stimuli, associations 
are not formed to these cue stimuli, and 
hence the discrimination problem is not 
solved. Errors following solution of the 
problem are irrelevant to the formation 
of the association, and are not ade- 
quately accounted for in this system. 
Spence, on the other hand, believed 


that discrimination learning could be 
handled in terms of trial and error 
learning theory, and in 1936 (7) pub- 
lished a theoretical formulation based 
upon the principles of reinforcement 
and nonreinforcement of discriminably 
different stimuli, making learning a 
continuous process. Hypothetical gen- 
eralization curves were presented (9) 
which showed performance at any time 
during training as a function of the 
interplay of excitatory and inhibitory 
tendencies with respect to the cue 
stimuli. It was made explicit that 
weakening, or inhibition, follows non- 
reinforcement only when the stimulus 
already has a certain minimum excita- 
tory strength (8). The notion does 
not adequately explain the magnitude 
of the variability seen in discrimina- 
tion performance data, for it predicts 
relatively uniform increments in per- 
formance level during successive train- 
ing periods. 


Two ASSUMPTIONS 


Because of the writer’s bias toward 
a continuity theory, an attempt will be 
made to extend this type of formula- 
tion to account for both the wide vari- 
ability in performance from one train- 
ing session to the next and the differ- 
ences in rate of acquisition, and also to 
account for the character and extent of 
transfer of an acquired visual figure 
discrimination to variations from the 
training figures. The idea was devel- 
oped during a discrimination study with 
pigeons (10), but tentatively will be 
treated as though descriptive of mam- 
malian behavior as well. Two assump- 
tions are necessary to the formulation, 
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one seeming axiomatic and the other 
being less obvious and having no direct 
experimental support. The first as- 
sumption is that any visual figure may 
be perceived in several different ways, 
ie., a visual figure has several aspects 
to which an organism may learn to re- 
act. Secondly, it is assumed that the 
organism does not perceive the same 
visual figure in the same way on all 
trials or training sessions, i.e., the or- 
ganism does not always react to the 
same aspect of the stimulus from one 
trial or training session to the next. 
The term “aspect,” as used above, 
requires some discussion. Aspect will 
connote a unitary and organized per- 
ception involving a portion or property 
of a visual figure as “figure.” Aspect 
will denote that portion or property of 
a visual figure which is necessary and 
sufficient for a differential conditioned 
response by a particular organism, 


when confronted with that portion or 
property alone or in conjunction with 


one or more additional visual figures or 
portions or properties of them. Thus 
if, after a positive response to a tri- 
angle and avoidance of a square were 
established, a line of the same length 
and orientation as the base of the tri- 
angle evoked a positive response when 
appearing alone or with the square, or 
any other figure, and would not evoke 
a positive response when its length or 
orientation was altered, then that line 
in that orientation would be an aspect. 
Similarly, any other part of the tri- 
angle, e.g., an angularity property, 
which evoked a positive response when 
presented alone would be an aspect. 
Aspects are additive, divisible, or re- 
ducible for any organism; they need 
not be absolute properties, but may 
also be relative properties among fig- 
ures. It must be pointed out that 
these aspects, in contrast with Hullian 
elements, are not necessarily the units 
which a physicist may find, but are 
momentarily unitary with respect to the 
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perceiving and reacting organism. In 
short, there are certain absolute proper- 
ties in any visual figure and certain 
relative properties among visual figures 
to which an animal could learn to re- 
spond, which will then be called as- 
pects or stimulus aspects. Hebb (1, p. 
105) has developed a notion very much 
the same as this in his schema. 

If an animal perceives a portion or 
property of both the positive and the 
negative figures in the same way, an 
ambiguous aspect emerges. Those por- 
tions or properties of the figures giving 
rise to the same perceptual response 
may or may not be physically identical. 
If they are not identical in the physi- 
cal sense, the animal may at some fu- 
ture time differentiate them (5, 6). 
When differentiation occurs, the ‘‘new” 
aspect of the negative figure may now 
acquire an inhibitory tendency. That 
is, when an excitatory value is at- 
tached to an ambiguous aspect which 
is subsequently perceived as two dif- 
ferent aspects, an inhibitory tendency 
may be built up to the new aspect of 
the negative figure (after Spence), and 
performance will then show improve- 
ment of a step-wise nature. 


SoME PREDICTIONS 


Because the mere germ of the idea 
has been sketched here, a few predic- 
tions deriving from it might elucidate 
the theory. Several relations follow 
from the above formulation. 

1. As the criterion performance level 
for initial learning is raised, the amount 
of transfer to new figures will increase. 
The variety of visual figures to which 
an animal responds, as equivalent to 
the original positive training figure, de- 
pends upon the number of positive and 
negative aspects that the animal has 
acquired during training. The longer 
the subject is exposed to the training 
figures, the greater will be the number 
of aspects acquired. It follows that 
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transfer will be more extensive with 
greater amounts of training. 

2. As training progresses, the ratio of 
adient to avoidance responses will 
change. In the initial stages of learn- 
ing, if no transfer from prior experi- 
ence is involved, all responses should 
be adient in nature. As training pro- 
gresses and ambiguous aspects are split 
into positive and negative aspects, there 
should be an increasing number of re- 
sponses directed largely by avoidance 
of certain aspects. This visual avoid- 
ance of negative aspects will increase 
the probability that the animal will re- 
spond to a positive aspect of the other 
figure; it is believed that the negative 
stimulus aspect does not itself result in 
the conditioned behavior of responding 
to the “other” figure. The work of 
Lawrence (6) also hints at this sort of 
mechanism. The portion or property 
of the figure which has no associated 
inhibitory value will not direct the 
visual exploration of the animal away 
from the “negative” figure, and thus 
should play no role in transfer behavior. 

3. The amount of training required 
to attain a specified criterion will vary 
with the complexity of the figures em- 
ployed. Very simple figures have rela- 
tively few potential aspects, i.e., will be 
perceived in a limited number of ways. 
When few aspects are involved, per- 
formance should improve quite rapidly. 
If the rate of “shopping about” is inde- 
pendent of figural complexity, then the 
total number of trials required to at- 
tain a certain performance level will 
increase with increases in the number 
of ways the animal perceives parts of 
the figure. 

4. The ratio of adient to avoidance 
responses will vary with the complexity 
of the figures used. Avoidance re- 
sponses will be least for simple and 
grossly different figures, and will in- 
crease as the complexity and similarity 
of the figures increases (increasing th 
probability that ambiguous aspects wi 


289 


develop). Changes in the ratio of am- 
biguous to positive and negative as- 
pects have significance for the problem 
of experimental neurosis. 

This kind of formulation can be ex- 
tended outside the realm of visual fig- 
ures to account for the form of the 
generalization gradient and such phe- 
nomena, but will not be attempted here. 
It should be pointed out that different 
species will probably display various 
degrees of the tendency to “go shop- 
ping”; the extent of transfer to altered 
figures will be related to this tendency. 
Whether or not a particular figure is re- 
sponded to positively depends upon 
how that figure or a part of it is per- 
ceived at the moment. 
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ELICITATION THEORY: I. AN ANALYSIS OF TWO 
TYPICAL LEARNING SITUATIONS 


M. RAY DENNY AND HARVEY M. ADELMAN 
Michigan State College 


The present paper will be concerned 
with an acquisition hypothesis and one 
or two other elicitation principles which 
constitute part of a general theory of be- 
havior now under development.‘ How- 
ever, there will be no attempt to pre- 
sent the theory here in a formal or 
definitive manner. Our purpose is to 
indicate the operation of the theory by 
applying it in the analysis of two types 
of instrumental learning, namely, in a 
conventional T maze and in a Skinner 
box. Simple approach learning in a 
runway will not be discussed because its 
explanation can be interpolated from 
the analysis of the more complex situa- 
tions. 


Tue AcQuIsITION HyPoTHEsIs 


The acquisition hypothesis, which has 
its roots in both Guthrie’s contiguity 
principle and Hull’s reinforcement prin- 
ciple, may be stated as follows: (a) The 
stimulus complex (S) which closely pre- 
cedes in time any response elicited by 
any stimulus (S,) acquires the property 
to elicit this response. (4) With each 
elicitation there results an increment to 
the tendency of the stimulus complex 
(S) to elicit this response. (c) The 
S-R association will not ordinarily be 
evident in behavior unless the response 
is consistently elicited in the given 
stimulus situation (S + S,). Thus, for 
all practical purposes, learning occurs 
only when a response is prepotent over 


1The present theory in many respects is 
parallel to a theory under development by 
Maatsch (14) in the same laboratory. It has 
similarit.es to ideas currently being expressed 
by Nissen (15, 17), and by Sheffield and 
others (20, 21). 


a series of trials or over an extended pe- 
riod of time. 

Two terms require explication. By 
elicitation is meant that the response is 
evoked in some manner which neces- 
sarily involves the afferent nervous sys- 
tem. We use consistently to refer to 
whether or not the response is elicited 
each time the stimulus (S) is present: 
The more often R is elicited each time 
S is present, the more consistent the 
elicitation. 

In other words we are postulating 
that the essential condition for the 
strengthening of one response tendency 
over and above another response tend- 
ency is the consistent elicitation of the 
response in question. For example, the 
US of a classical conditioning experi- 
ment typifies a consistent elicitor. Here, 
it is appropriate to point out that con- 
ditioning of a specified response will not 
occur until all irrelevant elicitors have 
been eliminated. For example, Pavlov’s 
dogs could not be conditioned until they 
were habituated to the total experimen- 
tal situation, that is, not until the “neu- 
tral” stimuli in the conditioning situa- 
tion had lost their eliciting property 
through a process of stimulus satiation 
or adaptation (7, 9).? 


2The principle of sensory elicitation and 
adaptation is fundamental in the present sys- 
tem. This principle refers to the fact that 
though all stimuli have some initial eliciting 
property most of them soon lose or partially 
lose this property through continued or re- 
peated presentation. The stimuli most resist- 
ant to adaptation are the common reinforcing 
agents (food, water, shock, etc.). So-called 
neutral stimuli constitute the class of stimuli 
which commonly evoke investigatory, explora- 
tory, and manipulatory responses (7, 9, 15). 
Such responses fall into the more general cate- 
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Another example of a consistent elici- 
tor as found in an instrumental learn- 
ing situation is familiar food for a hun- 
gry animal or water for a thirsty ani- 
mal. In this case the approach to the 
goal object and the consummatory re- 
sponse are the responses consistently 
elicited. Since in a maze these re- 
sponses are usually the only ones con- 
sistently elicited, they are the ones 
which are conditioned to the cues of the 
goal area. 

Noxious stimulation is also a con- 
sistent elicitor and produces learning of 
the responses elicited to the contiguous 
stimuli, e.g., escape, fear, and avoidance. 


Derived or Secondary Elicitation 


There remains at least one more im- 
portant class of eliciting agents. Once 
a behavior sequence has been estab- 
lished to some degree and the response 
no longer leads to the goal object or is 
no longer followed by the US, then 
there exists a condition for the elicita- 
tion of a new class of characteristic re- 
sponses. This is to say, for example, 
that nonreward or frustration, either 
terminal or momentary, constitutes an 
eliciting (reinforcing) state of affairs.* 
In experiments involving nonreward it 
is customary to observe the character- 
istic response of recoil after entering a 





gory of approach behavior. With the pas- 
sage of time all stimuli recover their capacity 
to elicit responses, approach or otherwise. 
One result of this phenomenon is variability 
in behavior, e.g., spontaneous alternation. 

3In this connection it should be noted that 
Amsel and Ward (3) have demonstrated the 
cue properties of frustration, and Amsel and 
Roussel (2) have demonstrated the eliciting 
(drive) properties of frustration. In addition, 
Goer (8) has shown that as few as 12 trials 
reinforced on the same side as the rat’s origi- 
nal position habit will facilitate the learning 
of a subsequent black-white discrimination. 
Presumably, the shift from consistent reward 
of the position response to 50 per cent re- 
ward sets up secondary elicitation and medi- 
ates the learning of avoidance reaction to po- 
sitional cues. 
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cul or negative end box, and of at- 
tempting to escape the place where re- 
ward was previously obtained (5). Since 
the omission of a goal object consist- 
ently elicits avoidant-type responses, 
and since the elicitation of these char- 
acteristic responses constitutes an in- 
stance of reinforcement,* the cues as- 
sociated with nonreward acquire the 
property to elicit avoidance. With con- 
tinued strengthening these avoidant re- 
sponses compete with the original re- 
sponse and extinction of the approach 
response results. 

We also postulate that the omission 
of noxious stimuli will elicit responses 
antagonistic to the original response. 
In general the responses which arise 
through the withdrawal of noxious 
stimuli belong to a class of “relaxa- 
tional” or approach responses. Consist- 
ently elicited relaxational-approach-type 
responses are therefore conditioned to 
stimuli associated with the withdrawal 
of a noxious stimulus, and with con- 
tinued strengthening compete with the 
original response and produce extinc- 
tion. Experimental evidence in support 
of this notion may be found in two re- 
cent studies (4, 22). In a subsequent 
paper we hope to show that the elicit- 
ing property, rather than the “drive re- 
ducing” property, of the cessation or 
omission of shock is the sine qua non of 
typical instrumental-avoidance learning. 

In summary, secondary elicitation, 
ie., the eliciting of response by the 
omission of the US in a previously es- 
tablished behavior sequence, constitutes 
an instance of reinforcement just as the 
elicitation of any other response by an 


4 Reinforcement in the present context does 
not refer to the strengthening of a closely 
preceding response in the Hullian or Thorn- 
dikian sense. Reinforcement occurs simul- 
taneously with the eliciting of the response, 
that is, it is the eliciting of a response. In 
similar fashion, a secondary reinforcing stimu- 
lus is simply a discriminative stimulus or con- 
ditioned elicitor. 
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US constitutes an instance of reinforce- 
ment.® 


APPLICATION 


Since the present position posits that 
all learning is fundamentally classical 
conditioning,® the task is to explain all 


5 This means that the laws of acquisition 
apply to extinction as well as to original 
learning. The only difference is with respect 
to the eliciting agent and how it functions. 
Thus it is quite possible that certain condi- 
tions which favor original learning may not 
at all favor the learning which takes place 
during extinction, and vice versa (1). The 
net result is to conceive of extinction as an 
interference phenomenon. The response tend- 
ency established during extinction (on the ba- 
sis of secondary elicitation) competes with the 
response tendency of acquisition and even- 
tually predominates, at least temporarily. 

Discrimination is also involved. Any al- 
teration of the stimulus conditions when shift- 
ing from acquisition to extinction, as in terms 
of spaced vs. massed trials, will facilitate the 
extinction process. If, as is typical, acqui- 
sition is spaced and extinction is massed, the 
introduction of a rest interval will tend to re- 
instate the “spacing” cues of acquisition and 
remove the “massing” cues of extinction. The 
net result is “spontaneous recovery.” 

In this interference theory of extinction 
there is no gradual unhooking of responses, 
as in Guthrie, and there is no weakening of 
the original response tendency by “non-rein- 
forcement.” It is simply that for similar 
stimulus situations there are two or more com- 
peting response tendencies. 

®It should be made clear that in consider- 
ing all learning to be a matter of classical 
conditioning we are not drawing a strict 
parallel between conventional CR experiments 
and simple approach or avoidance CR’s es- 
tablished during instrumental learning. The 
conditioning of an eyelid CR, for example, 
involves considerable discrimination learning 
in terms of specifying the CR to the mo- 
mentary CS and not to the stimulus complex 
in general. Since typical CR experiments 
necessarily involve discrimination (18), S 
must learn to make some response other than 
the CR when the US is omitted between 
trials. If secondary elicitation is minimal or 
weak, as would be the case during the omis- 
sion of a puff of air to the cornea, or a blow 
on the patellar tendon, or a bright light to 
the pupil, then many typical CR’s should be 
difficult to set up. Furthermore, in many 
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instrumental learning within this frame- 
work. To this end we will analyze two 
typical instrumental learning situations. 


Learning the T Maze 


Let us assume that we are attempt- 
ing to train a group of rats to turn 
(right) into arm A of a conventional 
T maze where the extra-maze stimuli 
are discriminative. All Ss have been 
placed on a reduced food regimen and 
handled for one week; no pretraining 
has been given; and a small pellet of 
food will serve as a reward. 


Correction Technique 


S is placed in the starting box. The 
novel stimuli of the T maze then elicit 
exploratory (approach) response, and S 
will eventually enter the positive end 
box at the end of arm A where approach 
and eating responses will be elicited and 
thus conditioned to the cues of this box. 
Somewhere near this point, stimulus 
generalization becomes an important 
factor. Thus the to-be-negative arm 
(arm B) which is similar to arm A will 
also acquire the tendency to elicit ap- 
proach response. This, taken in con- 
junction with the fact that the less re- 
cently visited stimuli of arm B will pos- 
sess greater exploratory value (approach 
elicitation), increases the probability of 
S’s entering arm B on some succeeding 
trial. 

When S does enter the negative end 
box (arm B), the US (food) is not pres- 
ent. Therefore, secondary elicitation ob- 
tains, and the conditioning of avoidant 





typical CR situations, particularly for those 
using human Ss with uncontrolled attitudes, 
the US may not be the prepotent stimulus on 
every trial, and as a result conditioning never 
reaches a high level (12, 19). However, when 
a dominant elicitor such as food for a hungry 
animal is employed, both the presence and 
omission of the goal object are prepotent 
elicitors on every trial. Therefore, the condi- 
tioning posited to account for instrumental 
learning is rapid and rises to a high level. 
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behavior is initiated. Since in the cor- 
rection technique recoil or escape re- 
sponses can clearly occur after each 
wrong response, these responses will be- 
come conditioned to the cues of arm B, 
and eventually these cues will become 
signals of avoidance rather than ap- 
proach. With continued trials (rein- 
forcement) the cues of the choice-point 
region consistently elicit avoidance to B 
and approach to A. Thus, T-maze 
learning within this framework is re- 
garded as a case of discrimination (per- 
ceptual) learning in which the stimuli 
of the choice-point region acquire the 
discriminative property to elicit avoid- 
ance responses to one arm and approach 
responses to the other. 

In the context of the present theory 
it is necessary to point out that the re- 
sponses (exploratory) elicited by novel 
stimuli will not be conditioned to the 
maze cues in a differential manner.’ 
These responses are not consistently 
elicited by one particular side of the 
maze. Rather, on the basis of explora- 
tory considerations alone, one would ex- 
pect spontaneous alternation (6, 7, 15). 
However, the avoidance tendency con- 
ditioned to arm B will compete with 
the exploratory approach tendency and 
will virtually preclude entrance into 
that arm after a large number of trials. 


Noncorrection Method 


The explanation of learning a T maze 
with the noncorrection method is essen- 
tially the same as with the correction 
method. However, the fact that S is 
not allowed to recoil from the negative 
end box and also enter the positive end 
box on the same trial in the noncorrec- 
tion method makes it necessary to treat 
these two training methods separately. 
Presumably, detention in the negative 
end box decreases the probability that 

7Some learning of a nondifferential sort 


presumably does occur, and constitutes what 
is known as “cue familiarity” (11, 13). 
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any one response will be consistently 
elicited or specified to the cues of the 
negative end box. Also the cues of the 
choice point area in arm B are not di- 
rectly associated with escape responses, 
ie., there is greater S-R asynchrony 
than with the correction method. It 
therefore follows that the learning of 
avoidance to the cues of arm B will be 
appreciably slower than with the cor- 
rection method and that learning of the 
correct response with the noncorrection 
method accordingly will be slower (10). 
Avoidance learning to the negative side, 
although less than with the correction 
method, nevertheless does occur. It has 
been found, for example, that the learn- 
ing of a T maze (noncorrection method) 
is enhanced when the number of re- 
wards on the correct side is held con- 
stant (5). 


Place vs. Response Learning 


From the point of view of the pres- 
ent theory there is no real controversy 
as to whether S learns a right-turn re- 
sponse or learns to go to the correct 
place (arm A). The concept of learn- 
ing a turn response can only mean that 
the cues directing the response remain 
constant regardless of the orientation of 
the stem with respect to the arms. And 
in any T-maze situation a number of 
tactual, kinesthetic, and visual pat- 
terning cues in the choice-point area 
remain constant and thus mediate re- 
sponse learning when the cues beyond 
the choice point are nondiscriminative. 
Once S has made a response at the 
choice point under pure response learn- 
ing conditions, there are no longer any 
stimuli in the maze which are discrimi- 
native other than a perseverative stimu- 
lus trace. For the cues of each arm, in- 
cluding extra-maze stimuli, will have ac- 
quired identical approach (avoidance) 
value. In Hullian terms this means 
that pure response learning involves de- 
lay of reinforcement; in the present con- 
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text we would prefer to say that pure 
response learning involves a long CS- 
US interval, i.e., a lapse of time be- 
tween the cessation of the discrimina- 
tive stimulus and approach-to-food. As 
previously implied, any deviation from 
strict contiguity of S and R will retard 
the establishment of the S-R tendency. 
On the other hand, in place learning, 
the stimuli of each arm are discrimina- 
tive in a continuous fashion from the 
end box to the choice point area, i.e., 
there is an overlap of CS and US, and 
therefore faster learning (23) than un- 
der pure response conditions. 


Learning in the Skinner Box 


Let us assume that we are attempt- 
ing to train a rat to depress a bar in 
a conventional free-responding Skinner- 
box situation. A small pellet of food 
will be used as a reward and the food 
tray is located in the vicinity of the bar. 
S is given a minimal amount of food 
association to the food tray. Then the 
bar is introduced and thereafter food is 
delivered only following a full bar de- 
pression. Release of food is immediate 
and is accompanied by a “click.” 

The initial behavior of S in the box 
consists of exploratory behavior includ- 
ing operant bar depressions. However, 
the first definite response which appears 
to be learned is approach to the food 
tray. Precise quantitative data on the 
early learning of this approach response 
have been obtained by Hurwitz.’ Ini- 
tially then, as would be clearly pre- 
dicted from our acquisition hypothesis, 
S simply learns to approach the food 
tray—both during the food association 
period and in the early stages of free 
responding to the bar. After this ap- 
proach response has been established, S$ 
will approach the food tray without first 
having pressed the bar. Since on this 
occasion there will be no food in the 


8 Personal communication from H. M. B. 
Hurwitz, Birkbeck College, London. 
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tray with which food association has 
been established, the conditions for sec- 
ondary elicitation exist. Consequently, 
all cues associated with direct approach 
to the food tray will acquire the prop- 
erty to elicit avoidant-type response. 
The responses elicited by the empty 
food tray include retreat from the tray 
and an increase in the number and 
vigor of tangential responses. With re- 
spect to bar pressing, this frequently 
results in a “flurry effect” or a high bar- 
press/approach-to-food-tray ratio. After 
one or more bar presses, S$ will eventu- 
ally reapproach the food tray and pro- 
cure the food pellet, for any avoidance 
to the tray has only been incipiently 
established. A variable which can fa- 
cilitate the learning of approach to the 
food tray subsequent to pressing the bar 
is the response-produced click which 
has been previously associated with the 
presentation of food. 

It is now appropriate to point out 
that S in a Skinner box is confronted 
with a discrimination situation. In part, 
this is to say that certain cues are as- 
sociated with approach to food tray, 
and certain cues are associated with 
avoidance of the food tray. In addi- 
tion, since it is likely that a flurry of 
bar presses has been elicited (rein- 
forced) through secondary elicitation, 
it is necessary to explain why S learns 
to press the bar only once per visit to 
the food tray. The principal discrimi- 
native stimuli employed by S in learn- 
ing to approach and press the bar prior 
to visiting the food tray are presented 
below in order of establishment: (a) 
Proprioceptive, visual, tactual, and au- 
ditory elements which occur immedi- 
ately after pressing the bar; () those 
stimuli involved in addressing the bar; 
(c) those stimuli associated with orient- 
ing toward the bar. 

The manner in which these cues 
mediate the chaining of the response 
elements of the bar-pressing sequence 
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will now be discussed. To start with, 
“gross” or unconditioned manipulation 
of the bar results in unique stimulation 
which frequently involves a distinctive 
“click.” These stimulus elements or 
their perseverative trace eventually oc- 
cur contiguously with the response of 
approaching the food tray. Such stimuli 
therefore acquire the property to elicit 
approach to the food tray as soon as 
they occur. This means that S$ will 
learn to approach the food tray as soon 
as he presses the bar, i.e., when S hears 
the “click” or is otherwise stimulated 
by this distinctive stimulus complex. 
This also means that partial responses 
which do not activate the food release 
mechanism do not produce the stimuli 
which elicit approach to food tray. 
Given the establishment of this first 
major link in the behavior chain (ap- 
proaching the food tray after pressing 
the bar), it becomes necessary for us to 
consider the chaining of the second link 
(pressing the bar before approach to 


the food tray) to the first link. This is 
straightforward. Since visual, tactual, 
and proprioceptive stimuli of the bar 
area occur in contiguity with bar press- 
ing and approach to bar, they become 
conditioned to pressing and approach- 


ing the bar. Another factor which is 
essential to the chaining in of this re- 
sponse link is the fact that when S fails 
to press the bar or makes an incomplete 
bar-pressing response before visiting the 
food tray, avoidant-type responses to 
the food tray are elicited (reinforced). 
In short, cues associated with direct ap- 
proach to the food tray and “short- 
cutting” responses acquire avoidance 
properties; thus these responses are ex- 
tinguished. Therefore, through the in- 
terplay of primary and secondary elici- 
tation the instrumental learning of a 
bar-pressing response turns out to be an 
elimination of one behavior sequence 
and the introduction and establishment 
of a more complex sequence. Or, as in 
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the case of T-maze learning, instrumen- 
tal bar depressing resolves itself into a 
case of discrimination learning. 

Evidence in support of this discrimi- 
nation-type analysis is available in a 
study from our laboratory. In this ex- 
periment, after bar pressing had been 
established to asymptotic level under 
continuous reinforcement, groups of Ss 
were given varying amounts of 4:1 
fixed-ratio reinforcement. A “click” ac- 
companied only the to-be-rewarded bar 
press. Approach to the food tray fol- 
lowing each of the first four bar presses 
in a fixed-ratio block tended to become 
extinguished. Following the fifth or to- 
be-rewarded bar press, S continued to 
visit the food tray. Presumably, the 
first four bar presses of a block tend to 
“discriminate out” and become chained 
in an instrumental fashion to the termi- 
nal or to-be-rewarded bar press. Given 
perfect discrimination, all responses of 
a block would be chained together and 
would constitute a single response unit. 
However, the end result of any amount 
of discrimination during the fixed-ratio 
schedule is to increase the number of 
individual bar presses which will occur 
during extinction. In the study being 
considered, it was found that resistance 
to extinction was proportionate to the 
level of discrimination attained. 


SUMMARY 


The present paper represents an at- 
tempt to explain two major types of in- 
strumental learning within the frame- 
work of elicitation theory. Learning in 
a T maze was described as a case of 
discrimination learning, or a matter of 
learning to approach the cues on one 
side of the choice-point area and to 
avoid the cues of the other side. Pure 
response learning was contrasted with 
place learning. 

Learning a bar-pressing response in a 
Skinner box situation was likewise de- 
scribed as a case of discrimination of a 
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somewhat more complex nature. Learn- 
ing to make a discrete bar press fol- 
lowed by an immediate approach to the 
food tray is a matter of the elimination 
(extinction) of a behavior sequence of 
directly approaching the food tray, and 
the establishment of a more complex 
sequence of first approaching and press- 
ing the bar followed by an approach to 
the food tray. Experimental evidence 
in support of this interpretation was 
cited. 
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Psychologists used to be interested in 
what went on in people’s heads. In 
fact, for thousands of years this was 
practically all they were interested in. 
Psychologists from Aristotle to John 
Stuart Mill were concerned primarily 
with ideas and associations between 
ideas, but with the rise of modern sci- 
entific psychology we lost interest in 
ideas, by and large. The history of 
this development is well known, but let 
us review it for a moment. The psy- 
chology of mental content collapsed in 
the United States under the impact of 
two heavy blows. First, introspection- 
ism seemed to run into a dead end. 
Titchener had argued manfully for a 
scientific study of the contents of mind, 
a kind of mental chemistry in which the 
basic elements would all be discovered 
and sorted out, but his laboratories 
simply failed to produce enough data to 
back up his theoretical position. It 
was not so much that his position was 
untenable. It was just that the data 
collected by the introspectionists did 
not seem to lead anywhere—to fruitful 
hypotheses, for example, which would 
serve to make theoretical sense out of 
the flux of mental events. 

The second blow was even more 
devastating. It was, of course, the be- 
havioristic revolution. Particularly in 
the United States, psychologists began 
to argue that conscious content could 
never form the basis of a science, where- 
as behavior could. J. B. Watson led 
the revolt in the name of scientific ob- 
jectivity. After all, could you see or 
touch or feel or record with a machine 
a thought or a feeling? Now, a muscu- 

1This paper was delivered at the Four- 


teenth International Congress of Psychology 
in Montreal, June 9, 1954. 


lar contraction—an eye blink, a foot 
withdrawal, a right turn in a maze— 
that was something else again. That 
could be seen and touched and felt and 
often recorded entirely automatically by 
an impersonal, mechanical gadget. Here 
was the stuff of which a real science 
could be made! 

- Looking back with the perspective of 
30 years we can begin to see why this 
movement was so appealing. In the 
first place, it did provide the kind of 
objectivity, methodologically speaking, 
that psychology had never had before 
and it could, therefore, lend real sup- 
port to psychology’s claim that it was 
a science. Secondly, it fit in with the 


traditional American pragmatic bias in 
favor of action rather than thought or 
feeling which were generally considered 


to be old-fashioned European concepts. 
After all, in the United States it is 
what a man does that counts, not what 
he says or thinks or feels. This tend- 
ency in American psychology is still so 
prevalent that to many of us prediction 
of behavior means only predicting gross 
motor behavior rather than predicting 
thoughts, conflicts, doubts, imaginings, 
feelings, etc. as reflected in verbal be- 
havior. Thirdly, behaviorism tended to 
focus attention on problems which were 
of vital topical interest to a new coun- 
try in which many of its citizens were 
attempting to adjust to new ways of 
life. In fact, adjustment or learning 
became the key concept. And this was 
natural in a country in which so many 
immigrants or their children had to give 
up traditional European ways of behav- 
ing for new American habit patterns. 
It was at this point that psychology be- 
came almost exclusively interested in 
“process variables,” in how people went 
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about doing things rather than in what 
they did. This was the time when 
Woodworth was stressing that we should 
rewrite psychology in terms of “ing” 
words—e.g., perceiving, emoting, think- 
ing, learning, etc. No one was inter- 
ested in what people thought, what they 
perceived, what they learned, etc. In- 
stead we were to be concerned only 
with the laws which governed the proc- 
ess of perceiving, learning, etc. 

Even personality and social psychol- 
ogy, which by definition are content ori- 
ented and which, therefore, should have 
resisted this trend, fell under the spell 
of this widespread movement. In per- 
sonality psychology we were primarily 
interested in self-descriptive inventories 
in which the subject answered a lot of 
questions about his aches, pains, and 
anxitties. But, mind you, we did not 
look at his answers. We added them 
up to get a neuroticism score or domi- 
nance score or what not. We were not 
interested even here in what he said 
about himself, in what his ideas were. 
We were only interested in the extent 
to which his answer contributed to a 
total score which meant something else. 
To be sure, an individual clinician some- 
times went so far as to look at the actual 
answers a person had given on a person- 
ality inventory, but then, he was not a 
scientist! In social psychology, too, we 
managed to get along without much 
concern with content, although here, 
too, it was a little difficult. The prob- 
lem was solved with the help of the atti- 
tude concept. An attitude is essentially 
what I have been calling a process vari- 
able. We are interested in how atti- 
tudes get set up, in how we can measure 
them, in their consistency, in their ri- 
gidity, their generality or specificity, 
etc.—all process variables. But we are 
not interested in what they are, par- 
ticularly. Any old attitude will do for 
our purpose, just as in studying learn- 
ing, any old task will do for our pur- 
pose—a maze, a bar to press, a list of 


nonsense syllables, or what not. So so- 
cial psychologists chose as the attitudes 
to be investigated whatever happened 
to be of current interest at the moment 
—e.g., internationalism, feminism, paci- 
fism, race prejudice, and so on. Few 
if any people thought it was even worth 
asking which attitudes were the “im- 
portant” ones to use in describing a 
person or his culture. Many people 
probably would have wondered whether 
such questions really fell within the 
province of psychology at all. 

It is against the background of this 
widespread social movement in psychol- 
ogy that we can see the beginnings of 
the projective testing movement as the 
source of a change in attitude which is 
finally beginning to be felt today, pos- 
sibly in large part because of the suc- 
cess of projective tests. But certainly 
projective testing did not start as a 
conscious revolt against this interest in 
process. Quite the contrary. The Ror- 
schach test, as one of the oldest of 
these new instruments, probably gained 
as wide acceptance as it did in the 
United States largely because it became 
primarily process-oriented. It became 
concerned with how people perceive and 
only secondarily with what they per- 
ceive. Quantitative indices could be 
computed according to how many re- 
sponses were determined primarily by 
form, by color, by movement, and the 
like. Nevertheless, the good clinicians 
often found that the particular content 
of the association given by the patient 
was of value to them in understanding 
the person. And this has always been 
the case with a good clinician. He has 
to be interested in what his patient 
thinks as well as in how he thinks it. 
Even though his formal psychological 
training gives him very little assistance 
at this level, he knows that in order to 
handle this particular person he has to 
be interested in the patient’s ideas. 
This, it seems to me, has been the great 
and continuing contribution of the clinic 
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and the projective test in a time when 
psychological theorists have talked them- 
selves out of being interested in content 
altogether. I am reminded here of a 
comment made to me once by one of 
my more cynical colleagues who claimed 
that no new ideas of importance ever 
appeared in the universities. Usually 
they appear outside first, and then are 
only gradually claimed by the universi- 
ties. Certainly if we think for a minute 
of men like Descartes, Darwin, Freud, 
or Einstein, there would seem to be 
something in what he said. And this 
development seems to be a case in point. 
The projective testing movement grew 
up largely outside the conservative aca- 
demic tradition and finally, because of 
its clinical success, has managed to dent 
the calm assurance with which many 
theoretical psychologists have discarded 
all problems of mental content. 

But to continue with my story: The 
real change came with the development 
by Murray and his associates of the 
Thematic Apperception Test about 20 
years ago. Now for the first time we 
had an instrument in which the primary 
concern was not form but content. The 
person interpreting a TAT record must 
ask such questions as: What motives 
activate this person? What conflicts 
plague him? What modes of defense 
does he adopt? Wahat characteristics 
does the world have for him? No 
longer are we concerned primarily, as 
in the Rorschach, with how he ap- 
proaches his task, although some have 
attempted to analyze the TAT in these 
terms. To help us in our analyses of 
such content, we have drawn heavily on 
psychoanalysis, the one system of con- 
tent psychology which, isolated in the 
clinic, survived the mass attack of be- 
haviorism in the laboratory. Murray in 
his original system of analysis for the 
TAT attempted to provide us with a 
much broader vocabulary for the analy- 
sis of content, but, by and large, in our 
analyses we draw upon relatively few 
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general psychoanalytical concepts such 
as sex, aggression, parent-child relation- 
ships, and the like. This, to my way of 
thinking, is an impoverished set of con- 
cepts for dealing with mental content, 
but it is nonetheless the one real and 
vital one in the United States today. 

What evidence is there that this tend- 
ency to concern oneself with mental 
content is of growing influence? In the 
first place, we must not underestimate 
the conservative resistance to the belief 
that such a psychology is possible. 
Even Freud’s generalizations about the 
importance of certain basic conflicts 
such as those involved in the Oedipus 
complex are under constant attack. To 
some extent the attacks are motivated 
by the conviction that generalizations 
about content are really impossible. 
The argument runs that there are no 
general concepts which can serve to de- 
scribe the human situation at any place 
or time in history. What about cul- 
tural relativism? After all, individuals 
differ widely in what they think and so 
do cultures. Some have an Oedipus 
complex and some do not. How can we 
generalize about anything except the 
process by which individuals arrive at 
their ideas? The ideas themselves are 
completely relative. One can perhaps be 
literary about them, but not scientific. 
This is the argument and there is no an- 
swer to it, except to prove that it can 
be done fruitfully. Many of us are 
convinced already, for example, that 
despite individual and cultural varia- 
tions, it is a major scientific achieve- 
ment to have focused attention on the 
framework of the mother-son relation- 
ship as of primary importance in the 
development of the individual, and to 
have worked out some of the taxonomy 
of this and the allied relationship with 
the father. 

Meanwhile, there have been some new 
developments which would encourage 
us to believe that perhaps a psychology 
of content is possible. Take the re- 





300 


search report on The Authoritarian Per- 
sonality (1), for example. I would con- 
tend that the essential issues raised by 
this research are issues in the psychol- 
ogy of content. It represents to some 
extent a fusion of psychoanalytic struc- 
tural concepts with certain concepts 
drawn from political ideology. Whether 
we like the fusion or not does not really 
matter too much. From the methodo- 
logical point of view it represents an 
exciting step forward since its authors 
have drawn on political ideology as well 
as psychoanalysis to help explain the 
structure of personality. When our sci- 
ence has matured to the point where we 
can draw not only on political ideology, 
but on economic, religious, esthetic ide- 
ologies, and the like, then we will be on 
the way toward developing a really full- 
blown psychology of mental content. 
Our own research on The Achieve- 
ment Motive (2) has contributed as 
much to these conclusions as anything 
else. We started with the relatively 
simple task of identifying those types 
of imagery in a TAT-type record which 
indicated the presence of a motive to 
achieve or succeed. After we were able 
to identify reliably this item of mental 
content, we were able to select indi- 
viduals whose thought processes con- 
tained a lot of such items and other in- 
dividuals whose thought processes con- 
tained few such items. We were then 
faced with the question of how these 
people differed. Do they behave dif- 
ferently? Yes, they do. The ones with 
a lot of achievement imagery tend to 
learn faster, to perform better, to set 
different levels of aspiration, to have a 
better memory for incompleted tasks, to 
perceive the world in different terms, 
etc. Perhaps even more interesting was 
the question of how they got that way. 
How is it that some people tend to 
think more often in achievement terms? 
We were led back to the mother-son re- 
lationship and found that independence 
training seems to be associated with 
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achievement motivation. That is, those 
mothers who encouraged their sons to 
develop independently, to learn their 
way around by themselves, seemed to 
have sons with higher achievement mo- 
tives. But we pushed the question one 
step further back. How is it that some 
mothers favor independence training 
more than others? This raised the 
question of values, and values raised 
the question of religious ideology. Then 
we found that attitudes toward inde- 
pendence training were not randomly 
distributed through various population 
subgroups. Instead, Protestant and 
Jewish parents were much more likely 
to favor early independence training 
than were Catholic parents and this, in 
turn, seemed to fit into the belief sys- 
tems and emphases of these three re- 
ligions (3). And if this is so, we can 
begin to trace some of the details of the 
connection between Protestantism and 
the rise of capitalism as originally out- 
lined by Max Weber (5) and R. H. 
Tawney (4). 

So our recent research has led us 
into the relationships between religious 
values, independence training, achieve- 
ment motivation, and economic devel- 
opment. We think we are beginning to 
discover some connections among these 
phenomena which can be traced out 
with a fair degree of scientific confi- 
dence. But whether we succeed or not, 
the point I am trying to make is that 
by concentrating on one item of mental 
content, namely achievement imagery, 
we have opened up a whole new set of 
problems in social science that can be 
investigated by psychology. 

Now let us pause a minute and try 
to reconsider what has happened. The 
“new look” in the study of mental con- 
tent really involves neither introspec- 
tion nor projective testing in their pure 
forms. Instead I prefer to call it 
“thought sampling,” and to use the 
analogy of the “blood count” from the 
medical laboratory to explain what I 
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have in mind. Just as we need a sam- 
ple of blood to make a white cell count, 
we want a sample of thoughts or ideas 
to make our imagery counts. In gen- 
eral, we get these samples by asking the 
subject to write stories to certain cues, 
usually verbal or visual. Having got- 
ten our thought sample, we have to 
learn to recognize certain types of im- 
agery, just as the medical technician 
has to learn to recognize a white blood 
cell when he sees one. This involves a 
great deal of preliminary work so that 
we can define the characteristics of the 
imagery carefully and then train indi- 
viduals to recognize what they are look- 
ing for. It does require training, but 
probably no more training than a medi- 
cal technician needs to be able to dis- 
tinguish one type of blood cell from 
another. That is, it does not involve 


high-level judgment, but is essentially a 
“pointing” operation which is a little, 
but not much, more difficult to make 
than pointing to an animal’s right turn 


in a maze. Watson need not have 
feared for the objectivity of this kind 
of analysis. The record is permanent. 
The same person can look at it again 
and again, or several people can ana- 
lyze it. It is quite possible to get a re- 
liable and objective result. 

If we put the “new look” in mental 
content in these general terms, it is im- 
mediately clear that we have a number 
of problems to solve. For example, 
there is the sampling problem. Under 
what conditions should we get our 
thought samples? What cues should we 
use? Should we get long samples or 
short samples? What about the sub- 
ject’s set? How does it influence con- 
tent? Here it becomes obvious that 
traditional projective testing elicits only 
a very small segment of the possible 
types of mental content. To the extent 
that we stay within the limited frame- 
work of the traditional TAT cards, for 
example, we are bound to have a biased 
sample of what goes on in a man’s mind. 
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An even more important problem has 
to do with the decision as to what cate- 
gories for content analysis we use. This 
is the heart of the problem, since we will 
get theoretically meaningful results, or 
generalizations that hold for a wide va- 
riety of situations, only if we choose the 
right categories to begin with. How 
does one discover the right categories? 
The literature of social science is strewn 
with content analyses of everything 
from open-ended interviews to “soap 
operas’—analyses which are purely ad 
hoc—for the immediate practical pur- 
pose in hand. I am certainly not argu- 
ing for more of this industrious busy 
work. The categories must be meaning- 
ful; they must be related to theory; 
they must be trans-situational—i.e., ap- 
plicable to more situations than the one 
to which they are first applied. It takes 
inspiration or luck or hard work or 
something to discover such a category, 
just as it did in biology to discover 
what was the most useful of many pos- 
sible ways to classify blood cells. The 
only concrete suggestion I have as to 
how to proceed, which comes from our 
own experience, is to choose those cate- 
gories which show significant shifts as 
a result of experimental operations. 
Whether this is an unnecessarily re- 
strictive rule, I do not know. At any 
rate it certainly eliminates many pos- 
sible categories, and it seems to be 
roughly the one which the chemists 
have used in setting up the classifica- 
tion of elements. 

This brings us back to Titchener. 
Looking back with the perspective of 
history, we can now see that Titchener’s 
structural psychology failed for two rea- 
sons. In the first place, the content 
categories he chose did not turn out to 
be fruitful. They were not related to 
experimental operations on the one hand 
or to other types of behavior on the 
other. For these or other reasons, they 
simply did not lead to theoretical de- 
velopment. Therefore they were the 
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wrong categories. In the second place, 
and this is of major methodological im- 
portance, his students categorized their 
own data. The essence of introspection 
is that the same person serves both as a 
source of data and as a categorizer of 
them. This has an obvious weakness, 
a weakness which has been perpetuated 
in self-descriptive personality inventor- 
ies. It is simply that the subject may 
have a very imperfect or incorrect idea 
of what categories his thoughts belong 
in. This may be because his categories 
are different from the ones we as scien- 
tists want to use or because he may 
really misperceive himself. The great 
contribution that both Freud and the 
projective testing movement made was 
that neither asked the subject to pass 
judgment on his thoughts as they ap- 
peared to him. Both simply asked for 
a sample of those thoughts and then 
left the categorization process to an out- 
side observer. This was an important 
methodological advance, the significance 


of which I think we are only just be- 
ginning to appreciate. 

If psychologists are to re-enter the 
field of mental content and start classi- 
fying it according to categories of genu- 
ine theoretical fruitfulness, I fear they 
will have to return to disciplines they 


have long neglected. In the twenties, 
in the heyday of behaviorism, we were 
proud that we knew nothing of religion, 
of art, of history, of economics, or poli- 
tics (except in a personal, often naive 
way). We didn’t need to know about 
these things if we were only interested 
in process variables. We could make 
our own choice of a task situation—for 
example, the rat in a maze—and what 
we found out there about how the rat 
learned the maze would apply equally 
well to all (including human) learning 
situations. We could afford to be ig- 
norant of many things that man has 
thought about. But if the psychology 
of content develops as I think it will, 
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we shall have to go back to getting 
a broad, general education. Certainly 
nothing in my training as a psychologist 
prepared me to handle problems in re- 
ligious belief systems or economic de- 
velopment. Yet these are typical of 
the problems which I think will begin 
to arise increasingly often in the new 
psychology of content, and we simply 
cannot afford to be naive and pretend 
that research scholars in these fields 
have nothing to tell us. 

If my analysis is correct, we are on 
the brink of an important new develop- 
ment in psychology. Because of meth- 
odological improvements, we are about 
to take up again some of the problems 
in mental content that formerly were 
considered to be an essential part of 
psychology. And it is my conviction 
that the projective testing movement is 
to be thanked for keeping an interest in 
content alive in an era when most theo- 
retical psychologists were otherwise oc- 
cupied, and for providing us with the 
methodological advance that enabled us 
to escape from the blind alley into 
which introspection had led us. 
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The theory of behavior proposed 
by Hull in Principles of Behavior (5) 
and modified several times thereafter 
(6, 7,8) has called forth numerous ex- 
perimental studies and _ theoretical 
articles focusing upon the empirical 
plausibility of its postulates. The 
present paper is not concerned with 
this question of plausibility. Rather, 
we wish to inquire whether the theory 
as stated leads logically to predictions 
which may be tested empirically and, 
if so, whether these predictions in- 
clude any sizable proportion of the 
theorems commonly supposed to fol- 
low from the theory. We will con- 
clude that the answer to the first 
question must be “No,” except under 
special circumstances, and that the 
answer to the second question is also 
“No.” These answers will result from 
application of a strict interpretation 
of the theory, an interpretation which 
may seem unduly restrictive to some 
theorists. It should be noted, how- 
ever, that only a highly developed 
theory such as that of Hull could be 
subjected to an analysis of the type 
to be presented. The reader must 
judge for himself whether the conclu- 
sions reached in this inquiry are rea- 
sonable. 

Our remarks will have primary ref- 
erence to Principles of Behavior be- 
cause it is the most widely known 
presentation of the theory. The con- 
clusions reached would also result 
from consideration of any of the re- 


1 The author expresses appreciation to his 
colleagues, D. T. Campbell, C. P. Duncan, 
W. A. Hunt, D. J. Lewis, and B. J. Under- 
wood, for a critical reading of this paper and 
for several suggestions which were incor- 
porated in the paper in its present form. 


vised postulate systems which Hull 
proposed. 

The first impression of a person 
reading Hull’s system or the body of 
literature surrounding it might well 
be that a vast number of predictions 
from the theory have been made 
and tested. Because a considerable 
amount of data was presented and 
discussed in Hull’s formulation of his 
theory, it is tempting to conclude 
that this material at least has already 
been shown to be consistent with the 
theory. In fact no one has publicly 
questioned the presumption that the 
empirical data cited in Principles of 
Behavior is embraced by the theory. 
Yet this presumption is false. There 
was, to be sure, a romance between 
theory and fact, but the wedding did 
not take place. Hull never quite 
compared the implications of his 
theory with the data he discussed. 


AN EXAMPLE OF THE PREDICTIVE 
DEFICIENCIES OF HULL’s THEORY 


To illustrate the respects in which 
Hull’s theory fails to make predictions 
consistent with the data presented 
when the theory was first formulated, 
let us consider a particular experi- 
ment. This experiment, the first dis- 
cussed in Hull’s development of the 
construct called habit strength (sHr), 
is Hovland’s (4) study of the relation- 
ship between the number of reinforced 
trials (NV) and the amplitude (A) of 
the galvanic skin reaction. Hull sum- 
marized Hovland’s results with the 
following equation, which is (except 
for notation) the former’s equation 4: 


wa = 14.1(11 — 10-*) + 3.1 [1] 
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where wa is the population mean 
amplitude of response estimated from 
Hovland’s data. Equation 1, then, 
is a statement of an empirical law 
which Hull’s theory might reasonably 
be expected to encompass. We will 
require of the theory that it yield 
equation 1 as a theorem, or at least 
that it yield a theorem consistent with 
the data upon which this equation 
was based. Since mathematical state- 
ments of the postulates are presented 
by Hull, it will be possible to make 
mathematical deductions in order to 
permit comparison of equation 1 with 
a theorem stated in mathematical 
form. 

Finding the value of sHp. The first 
step in the generation of a theorem 
relating to us to N is to tie N, an 
antecedent condition, to Hull's inter- 
vening variables. Then the interven- 
ing variables may be tied to wa, a 
consequent condition, and the predic- 
tion will be complete. Accordingly, 
we now consider s//7p, the first inter- 
vening variable involved in the pre- 
dictive chain. On the basis of the 
Hovland experiment and others, Hull 
defined sHz by his equation 16, the 
mathematical statement of his Pos- 
tulate 4. We present an equivalent 
definition, Hull’s equation 26: 


sHp = m(1—10-) = [2] 


where m is the maximum habit 
strength obtainable under any given 
experimental situation and 7 is a con- 
stant reflecting the rate of approach 
of sHz to m. Hull's equation 26 is 
used here in the interest of simplicity: 
his equation 16 has three factors 
whose values depend upon experi- 
mental variables held constant by 
Hovland. Therefore all three factors 
may be subsumed under a constant 
value of m. 

Finding the value of sHr. The 
second intervening variable to be con- 
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sidered is effective habit strength (sHpr). 
Hull’s equation 29, the mathematical 
statement of his Postulate 5, may be 
combined with our equation 2 to 
yield the following expression : 


sXe =m(i-—10-*) = [3] 


if we presume that no difference 
existed in stimulation at the time of 
training and the time of testing in 
Hovland’s experiment. 

Finding the value of s,.s,Hr. Now 
it becomes necessary to relate N to 
the total effective habit strength 
(s,+spMr), by combining sHr with 
the effective habit strength loading of 
the drive stimulus (s,Mz). First we 
infer that s,Hz = sHex on the basis 
of a comparison of columns 3 and 8 
of Table 5 of Principles of Behavior. 
Then we employ our equation 3 
together with Hull’s equation 30, the 
mathematical statement of Major 
Corollary I, in the special form given 
by the seventh equation on page 255, 
to establish the relationship between 
s,+spHr and N: 


8,+8pHr = m[1 — 10-*] 


x [2 a mee | [4] 


Finding the value of sEr. The proc- 
ess of deduction must now be con- 
tinued with the specification of the 
manner in which reaction potentiality 
(sEr) depends upon N. Using Hull’s 
equation 34, the mathematical state- 
ment of Major Corollary II, and our 
equation 4, we obtain the required 
equation: 


sEr = m(1 - 10-*"] 


x [2 Oe Sod nt aa |> [5] 


where D’ is our simplification for the 
expression (D + D)/(D + Mp), which 
is a constant for the Hovland experi- 
ment. D’, then, represents the com- 
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bined magnitude of all drive effects 
in Hovland’s experiment. 

Finding the value of Ip. The de- 
velopment of a predictive equation 
relating us and N now involves the 
determination of the relationship be- 
tween the amount of net inhibition 
(fr) and N. At this point Hull’s 
Postulates 8 and 9 must be considered. 
We have no choice except to conclude 
that these postulates, as stated, pro- 
vide no basis for a specification of the 
relationship desired. Although Pos- 
tulate 9 states a rule for summating 
reactive inhibition (Jpg) and condi- 
tioned inhibition (sZg) to obtain Ip, 
neither postulate gives much assist- 
ance in determining the values of Jr 
and slr. 

The logical errors of Postulates 8 
and 9 are as follows: (a) Equation 36, 
the mathematical statement of Pos- 
tulate 8a, contradicts equation 42, 
the mathematical statement of Postu- 
late 9a, except when sg = 0. (6) In 
equation 37, the mathematical state- 
ment of Postulate 8b, the symbol n 
is used to represent the number of 
reaction evocations producing inhibi- 
tion. Since m is employed on the 
same page to represent the number of 
unreinforced reaction evocations re- 
quired to produce extinction, this 
usage contradicts the verbal state- 
ment in Postulate 8 which asserts 
that, whenever a reaction is evoked, 
inhibition will be created. (c) The 
verbal Postulates 8b and 8c refer to 
Ir, whereas the mathematical state- 
ments of those postulates refer to s/pr. 
(d) If Postulates 8b and 8c are taken 
to refer to sz in order to provide an 
independent definition of one com- 
ponent of Ip, then J is still left with- 
out a definition, and vice versa. (e) 
The symbol Jz in equation 41, the 
mathematical statement of Postulate 
9a, must be replaced by ?’’’Ipr, the 
symbol for the amount of Jz remain- 
ing after inhibition has been allowed 
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to dissipate for time ¢’”’. Otherwise 
equation 40, the mathematical state- 
ment of Postulate 9d, can play no 
part in the prediction of behavior 
under any circumstance to which the 
theory may be applied. 

Most of the inconsistencies and 
omissions just noted have previously 
been discussed either by Koch (10) or 
by Montgomery (12). These inade- 
quacies of the theory may be removed 
by rewriting and expanding Postu- 
lates 8 and 9. Several possible modi- 
fications could be proposed, either 
on theoretical or empirical grounds. 
However, we present the revisions 
which seem most in keeping with 
Hull’s intentions when writing these 
postulates. Only the mathematical 
statements of the revised postulates 
need be given here: 


Revised Postulate 8a: 
sEx = sEx — Ip. [6] 
Revised Postulates 8b and 8c: 
Tp = (cN’)/(B — W). 
Revised Postulate 9b: 


(t'" Tr) (sIr) 
100 


[7] 


Te =t'"'In + slr — [8] 


Postulate 9c: 
slr = Tr. 


[9] 


The above postulates are for the 


most part self-explanatory. It will 
be noted that we have only one equa- 
tion for Postulates 8b and 8c, and 
that N’ is used in place of m. Only 
one equation is necessary because 
Hull’s mathematical statements of 
Postulates 8b and 8c are algebraically 
equivalent. The symbol N’ should 
be taken to refer to the number of 
reaction evocations observed either 
during acquisition or extinction or a 
habit, or during both acquisition and 
extinction. In Hovland’s experiment 
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N' = N because testing followed N 
reaction evocations. 

Since Postulates 8d and 9b require 
no modification, they have not been 
presented above. Postulate 9c will 
be seen to be completely new to the 
system. We have no particular faith 
in its adequacy, but introduce it only 
because some postulate about sJp is 
essential if predictions are to be made 
within a theory containing Postulate 
9a. 

The modifications of Postulates 8 
and 9 proposed above permit us to 
derive an equation relating Ip to N, 
as was our original purpose in this 
section. Since ?¢’”’ was constant in 
Hovland’s experiment, we replace the 
term e—*’”’ by the constant k and 
write the following equation based 
upon Postulates 8 and 9 in their re- 
vised form: 


cN 


Ip = BW 


ckN 
x [1 +k- 100(B — a |: [10] 


Finding the value of sEr. A speci- 
fication of the relationship between 
Hull’s next construct, effective reac- 
tion potential (sErx), and N may be 
obtained by substituting the quanti- 
ties from the right-hand sides of equa- 
tions 5 and 10 into equation 6 to yield 
the expression : 


sEp = m[1 — 10-7] 
— —iN 
- [2 _ m(1 — 10 |p 








100 
cN 

~ (B— W) 
ckhN 
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Finding the value of sEx. One last 
intervening variable remains to be 
defined in terms of N before a predic- 
tion of amplitude as a function of NV 
becomes possible. This construct, 
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momentary effective reaction potential 
(sEr), is defined by Hull’s equation 
44, the mathematical statement of his 
Postulate 10: 


sEe = sEr — O'r [12] 


where s0’r = sOr_when sEr > sOr 
and where sO’2 = sEe when sEr < sOr, 
the range of sOr being specified by the 
relationship 0 < sOr < 6e. The dis- 
tribution function of sO is that of a 
normal variable truncated three o’s 
above and three o’s below its mean 
of 3c: 


f(sOr) ri 
1 rn —30\? 
Be —— © i( @ y 
.9973N 2x0 








[13] 


Substituting the value of sEz from 
equation 11 into equation 12, we 
obtain the desired relation between 


alle and N: 
sEe om m(1 a, 10-*" } 


1 —10-* 
x [2 - | > 
cN 


~ (B—W) 





100 


ckhN - 
Xx [148-568 5 |- 20 r. [14] 


Predicting A from N. Given equa- 
tion 14, it is now possible to use one 
final postulate of Hull’s system to 
predict the value of the response 
measure A as a function of N. Sub- 
stituting from equation 14 into Hull’s 
equation 50, the mathematical state- 
ment of his Postulate 15, we obtain: 


A= w’ {mt — 10-*) 
m(1 — 10-**) ] 
x [2 = mee |p 
a... [1 k 
-~@-wl't 


ckhN " “ 
- oa | - 2%] — 7. [15] 
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Equation 15 would be completely 
acceptable for predictive use if it were 
not that sO’e is a random variable. 
Consequently A can be estimated 
from equation 15 once the parameters 
of that equation are known, but the 
error of prediction will sometimes be 
as large as the range of possible sO’, 
values, i.e., up to six o’s. For this 
reason we would customarily not at- 
tempt to predict A. Rather we turn 
our attention to the prediction of a 
measure of central tendency of the A 
distribution. 

Predicting wa from N. All the 
common measures of central tendency 
could be determined for the A dis- 
tribution. Since the Hovland experi- 
ment was a study of the mean alone, 
we consider only ua. Two problems 
arise at this point: (a) Since Hovland 
employed several different subjects in 
his experiment, we must ask whether 
the different persons should be pre- 
sumed to have different values for the 
constants in equation 15. (6) We 
must determine the mean of an s0’r 
distribution which is always truncated 
and in addition sometimes has a dis- 
crete probability density at the point 
sO’n = sEp. 

The first problem raised is so com- 
plex that it must be treated in detail 
later in this paper. In the interests 
of simplicity, we assume for the pres- 
ent that all subjects given N rein- 
forced trials will have identical sEr 
values, identical sO’, distributions, 
identical h’ values, and identical 7’ 
values. In this case the population 
mean amplitude of response, ua, is 
equal to h’ times the population mean 
of the bracketed term in equation 15 
less 7’. Since the only random vari- 
able in this bracketed term is sO’p, 
the”determination of us depends pri- 
marily upon the solution of problem 
b above. 

We present without proof the equa- 
tions for uso-r: 


[16a ] 


Lso’r = 30 when sEp > 60 


and 


_ fe 
Ms0'n = sEpR f f(sOr)dsOr 
SER 


sER 
+ f sOr f(sOr) dsOr 


sEr < 60. [16b] 


On the basis of equations 16a and 
16b, the bracketed term of equation 15 
has a known mean, and the value of 
ua becomes: 


when 


MA =i'{ mt —10-*"] 
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when sEpr > 60 
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MA =W' | mC —10-* } 


x[2 mt) I 


iG) Se 
cN ckN 
~ (B—W) E +k i00(B— i | 


ad 60 
—sEp f f(sOr) dsOr 
SER 


sER ‘ 
-f sOr f(sOr) as04| —1’ 


when sEr<60. [17b] 


How the prediction and the data 
compare. Equations 17a and 17b are 
the culmination of the process of pre- 
dicting the functional relationship 
between was and N from Hull’s postu- 
lates and a consideration of the experi- 
mental design employed by Hovland. 
Equation 17a can be compressed into 
an expression suitable for curve fitting, 
and will then contain six constants. 
It will have terms involving N to the 
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first and second degree as well as 
terms involving 10-“ and 10-**, 
Equation 17b cannot be employed at 
all unless a special assumption is 
made regarding the value of sEpr 
relative to o at some value of N. 
Furthermore, one cannot tell when 
to use equation 17a in preference to 
equation 17b until this assumption 
is made. Thus we know little more 
than that predictions could be made 
with equation 17a if N were greater 
than some unknown value. 

Under the presumption that this 
required JN is quite small, we compare 
equation 17a with Hovland’s findings 
as a means of testing the predictive 
utility of Hull’s theory. The result 
of this comparison is not favorable: 
equation 1, the result of Hull’s curve 
fitting of the empirical relationship 
observed by Hovland, bears almost 
no resemblance to equation 17a. 
Since equation 1 cannot be generated 
from the theory, it must be considered 
an empirical equation only. 

From the above we conclude that 
the theory does not meet our require- 
ment that it should yield equation 1 
as a theorem. The possibility re- 
mains that equation 17a is consistent 
with the data upon which equation 1 
was based rather than with equation 
1 itself. However, since Hovland ob- 
tained data for only five values of N 
whereas equation 17a contains six 
constants, a fitting of his data to that 
equation would be a trivial accom- 
plishment. 

The predictive process just com- 
pleted need not be taken as conclusive 
evidence that Hull’s theory contra- 
dicts any data from which he built 
that theory. By no means, however, 
should it be taken as confirming evi- 
dence for the theory. If equations 
17a and 17b could be fitted to experi- 
mental data having more values of NV 
than Hovland’s data, the prediction 
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might be considered adequate. Even 
then, however, the theory as originally 
stated would be considered objection- 
able for several reasons: (a) Revision 
of Postulates 8 and 9 was necessary 
before any prediction at all could be 
made. (6) The restrictions imposed 
upon sO0’p at the value sOrg > sEr 
cause the derivative of the us function 
to be discontinuous when sEpz = 6c, 
a prediction which is conceivable but 
unattractive from an empirical point 
of view. (c) Special assumptions will 
have to be made regarding the con- 
stants in equation 17a before curve 
fitting with it can be attempted. 
(d) Restrictions will have to be placed 
upon the constants in equation 17b 
if it is to be a monotonic increasing 
function of N, as one would expect 
from existing data. 

The foregoing remarks have been 
designed to show the implications of 
Hull’s theory as it relates to a speci- 
fic experimental study. Comparable 
conclusions would be reached in the 
theoretical analysis of any other study 
discussed in Principles of Behavior. 
In all cases the predictive equations 
derived from the theory as stated will 
fail to conform to Hull's empirical 
equations. The predictive equations 
will be much too complex, a result of 
undue complexity in the definition of 
8,48pHR, Te, and sOr. These diffi- 
culties could be eliminated by appro- 
priate modification of the theory. 
This modification will not be at- 
tempted here, however, because our 
present purpose is to consider the 
properties of the theory as it now 
exists. 


DEGREES OF SPECIFICITY IN MAKING 
PREDICTIONS FROM A THEORY 


The theory in question might be 
defended by some of its advocates on 
the ground that we have taken its 
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postulates too seriously—in short, 
that it should not be considered a 
system from which predictions as 
explicit as those of equations 17a and 
17b should be made. The argument, 
we are sure, would not have been 
employed by Hull, since he employed 
almost all conceivable means of mathe- 
matizing with his theory and his data, 
except the approach presented above. 
It is true, however, that many of 
Hull’s corollaries are stated in quali- 
tative form and that many experi- 
ments relating to the theory have been 
designed to test predictions less in- 
volved than the one just stated. We 
now inquire whether the occurrence 
of a verification or verifications of 
predictions of a simple nature can 
mitigate the dissatisfaction produced 
by the results presented above, and 
how predictions of this nature should 
be made. 

The prediction of behavior to be 
expected in a given experimental 


situation may be as coarse as pre- 
dicting from an inequality in magni- 
tude of some experimental variable 
to a corresponding inequality in some 


response measure. It may, on the 
other hand, be as fine as the prediction 
of the numerical value of some param- 
eter in an equation relating the experi- 
mental and response variables. The 
range of coarseness of predictions 
which have been made from Hull’s 
theory is illustrated by three experi- 
ments, performed by Meehl and Mac- 
Corquodale (11), Siegel (14), and 
Burke (1). 

The prediction. of inequalities. In 
an attempt to explain latent learning 
phenomena, Meehl and MacCorquo- 
dale (11) state that feeding animals 
in a box, outside a six-unit Blodgett 
multiple-T maze to be learned, should 
arouse a secondary drive state which 
would increase the over-all magnitude 
of drive (D). This, in turn, would 
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be accompanied by’an increase in sEz 
for animals thus fed as compared with 
animals not given this feeding. The 
differential sKr values for these two 
groups of animals are then taken to 
imply that the animals with the 
greater D will show shorter mean 
running times through the maze, 
smaller mean Blodgett errors, and a 
smaller sum of weighted errors than 
the other group. Each of these pre- 
dictions was verified experimentally 
by Meehl and MacCorquodale, there- 
by supporting their notion that latent 
learning may be explained in some 
cases as the result of a modification 
in drive at the time reward is intro- 
duced for the first time. 

The prediction of the general form of 
a relationship. A second level of 
specificity in prediction is exhibited 
in the report of an experiment by 
Siegel (14). This experimenter forced 
human subjects to make from 0 to 160 
pressing responses with a switch on 
their right side before permitting 10 
free choice responses in which either 
a left or a right switch could be 
selected on each trial. Using the 
verbal statement of Hull’s Postulate 
8b, Siegel stated that the total amount 
of inhibition (Lg) would be a linear 
function of the number of forced 
choices (N’). He then predicted that 
the mean of the proportions (p’) of 
left responses would also be a linear 
function of N’. Siegel’s predictions 
were verified, thus giving apparent 
support to Hull’s theory. 

The prediction of numerical values 
of parameters. The prediction of 
exact numerical values of parameters 
in theoretical equations may be based 
almost completely upon theoretical 
considerations, or it may be based 
upon the determination of its value 
from previous data, in which case the 
experimenter attempts to recover that 
value with new data. The latter 
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method only will be considered 
here. 

Anexample of this type of prediction 
is found in a study by Burke (1), who 
worked with a somewhat modified 
version of Hull’s theory. For each 
animal used in his experiment, Burke 


first fitted a theoretical cumulative - 


distribution function of the asymp- 
totic running times obtained in a 
straight runway. This provided a 
test of the theory at the second level 
of specificity, the comparison of em- 
pirical data with equations having a 
given general form. When the theory 
proved satisfactory at this level, 
Burke proceeded to substitute the 
exact values of parameters from these 
asymptotic equations into the theoret- 
ical equations for preasymptotic trials. 
Since the latter equations were de- 
veloped independently of the pre- 
asymptotic data which they were 
designed to describe, this prediction 
of the magnitude of preasymptotic 


running times could be compared 
with the running times actually ob- 
tained, to provide a test of the pre- 
dictive usefulness of the exact numer- 


ical parameter values. Because the 
theoretical equations described the 
preasymptotic data satisfactorily, the 
constants taken from the asymptotic 
data were said to be recovered in the 
preasymptotic data. 

The relative merits of the three types 
of prediction. With examples of the 
three levels of specificity before us, 
we may inquire as to the advantages 
possessed by each method. First, we 
will consider the amount of deductive 
effort required, and then we will ask 
which methods provide the most 
severe tests of the theory. 

Because a prediction from an in- 
equality in an antecedent variable to 
an inequality in a consequent variable 
is seldom accompanied by a long 
demonstration that the first inequality 
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implies the second, it may appear 
that this type of prediction involves 
less deductive labor than do the other 
types of prediction. In some cases 
this difference may in fact be a 
legitimate reflection of a reduction of 
effort required to make a prediction. 
In most cases, however, Hull and the 
other workers making predictions of 
inequalities have not actually gen- 
erated their theorems or corollaries by 
strict application of logical operations 
to Hull’s postulates. Thus Meehl 
and MacCorquodale’s predictions were 
not developed rigorously, a fact which 
they implicitly admit by placing quo- 
tation marks around the word deriva- 
tion when discussing their hypothesis. 
Furthermore, at least two of their 
predictions cannot be rigorously de- 
duced from the theory, because they 
refer to response measures as yet 
unrelated to sEKz within the theory. 

While we accept the empirical rele- 
vance of many studies in which pre- 
dictions have been made without 
logical demonstration that they flow 
from the theory, we hold that their 
theoretical relevance is problematical 
until such demonstration is forth- 
coming. The rough and ready intui- 
tive procedures customarily employed 
must be replaced either by careful 
algebraic manipulations of inequalities 
following the complete chain from 
slTpz to sHr to 8,+SpHr to sEr to sEr 
to abe to the response measure, or by 
derivation of equations comparable to 
equation 17, and this step must be 
followed by examination of such equa- 
tions in order to determine whether 
certain inequalities hold. It might be 
presumed, for example, that, in experi- 
mental conditions like those of Hov- 
land, the theory implies that V, > N2 
should be accompanied by ya, > wa, ; 
but such an inference should not be 
made simply by referring to Postulate 
4, making the ritualistic statement 
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that all other variables are equal, and 
jumping to Postulate 15. One accept- 
able option is to trace the effect of the 
inequality in N’s through the’chain‘of 
intervening variables listed above to 
ua. A better solution, if both N’s are 
large enough for equation 17a to be 
applicable, is to determine the differ- 
ence ua, — ua, by successively sub- 
stituting NV, and N; into that equation 
and subtracting. If the resulting dif- 
ference is in general positive for 
N, > Nz, then the inference is correct. 
Unfortunately, however, we find that 
the following condition must hold 
before VN; > N: can be said to imply 
MA, > bA,: 


w'{mo| ( D7 2) (10-0 — 10-*2) 


m , ‘ 
ai Te dal = 10-4) 
_e(1+k)(Ni—N2) 
(B-—W) 
ck(N,?—N;?) 
100(B— W)? 
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Not only must the inference drawn 
intuitively be amended by imposing 
the restriction (equation 18), but also 
the drawing of this inference regarding 
inequalities requires additional deriva- 
tions beyond that required to make 
the prediction of a general relationship 
specified by equation 17a. Thus the 
less specific prediction has proved the 
more laborious in this case. 

The foregoing is intended as a 
warning against the misuse of the 
method of predicting from inequalities 
to inequalities. It is not, however, 
directed against experimental tests of 
predictions which are logically sound. 
This type of study has the special 
advantage that the use of data from 
only two experimental conditions is 
sufficient to permit detection of gross 
failures of the theory. Thus, pre- 


suming that Meehl and MacCorquo- 
dale had obtained data contrary to 
their predictions and that their pre- 
dictions could be shown to follow 
from the theory, the theory would 
be considered unsatisfactory at that 
point. 

On the other hand, a theory may be 
unsatisfactory without its delinquen- 
cies becoming apparent when tested 
with only two groups. For example, 
had Meehl and MacCorquodale de- 
duced a theorem stating that the 
decrease in mean latency with increas- 
ing amounts of extramaze feeding 
should be linear, and had then per- 
formed a second experiment with 
three or more conditions, they might 
have found this theorem to fail to 
predict their new results whereas their 
first experiment had confirmed a less 
specific prediction from the same 
postulates. To go one step further, 
if the theory could be used to predict 
the numerical values of mean latencies 
as a function of amount of extramaze 
feeding, a third experiment designed 
to obtain these numerical values 
might fail to confirm the theory, even 
if the two experiments performed to 
test more coarse predictions had 
yielded confirmatory evidence. 

We conclude this section by stating 
that, when experimental tests of pre- 
dictions logically derived from Hull’s 
theory have been reported in the 
psychological literature, they must 
be accepted as legitimate tests of the 
theory regardless of the level of spe- 
cificity of the predictions involved. 
The relative merits of the three levels 
should not be gauged by any supposed 
differences in ease of prediction, but 
rather by the severity of the test re- 
quired and by the type of experi- 
mental design and statistical analysis 
desired. As the degree of specificity 
of the prediction increases, the theory 
receives a more stringent test, but the 
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restrictions upon the experimental de- 
sign and the statistical analysis are 
likely to increase. 


THE PROBLEM OF INDIVIDUAL 
DIFFERENCES IN PARAMETER 
VALUES 


Earlier in this paper we assumed 
that all subjects given identical ex- 
perimental treatment will have iden- 
tical values of sKe and of all other 
parameters involved in the derivation 
of equation 17. Although Hull and 
his co-workers came close to making 
this assumption in their papers on 
the quantification of sHr and sEpR 
(3,9), he seems finally to have rejected 
it. His final views on this matter 
seem best to be represented by the 
following quotation from Essentials of 
Behavior (7, pp. 115-117): “. .. in 
the molar law of habit formation, 
sHp = 1 — 10°", . . . the value 
.0305 is a constant. . . . Presumably 
if a group of organisms strictly com- 
parable in all other respects to those 
from which this equation was secured 
were tested on the same behavior 
form, a value within the sampling 
range of .0305 would again be secured. 
But if older or younger or diseased 
organisms were used, or if a different 
genetic strain or a different species, 
and particularly if single organisms 
were used (italics ours), presumably 
rather different exponential values 
would result.” 

As we understand the foregoing 
statement, Hull believed that the 
parameter values of his equations 
were characteristic of a population of 
comparable animals treated identi- 
cally but not necessarily characteristic 
of every (or perhaps any) animal in 
the population. This position finds 
support in certain experimental work 
indicating that individual organisms 
do differ in their parameter values 
(1,2). However, if used in this way, 
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Hull's equations would consist of laws 
about populations rather than about 
individuals; and their potential use- 
fulness would be greatly altered. 

Two kinds of laws compared. Tlie 
distinction between laws about popu- 
lations and laws about individuals 
deserves emphasis. If a relationship 
is established between an _ experi- 
mental variable and a response vari- 
able for an individual, it is a law 
about an individual. If a relation- 
ship is established between an experi- 
mental variable and the mean or 
some other parameter of the distribu- 
tion of response measures for a popu- 
lation of organisms, it is a law about 
a population. 

Although laws about populations 
have an initial attraction to the the- 
orist, particularly a theorist who 
must defend himself against the claims 
of the idiographic approach, they 
have a disadvantage which must 
be recognized when they are used. 
Because behavior takes place in in- 
dividual organisms, any mechanism 
designed to explain behavior changes 
must be applicable to individuals. 
But since both experimental find- 
ings (1, 2) and mathematical reason- 
ing (13) indicate that equations 
based upon group data may differ 
in form or in parameter values from 
the equations obtained for individuals, 
mechanisms inferred from population 
laws may prove quite unsatisfactory. 
When there is a discrepancy between 
these two types of laws, a mechanism 
based upon population laws may not 
be appropriate to the description of 
behavior changes in the individual. 
For this reason Hull’s theory might 
lose much explanatory value if it were 
taken to be a system of laws about 
populations. 

On the other hand, a law about a 
population has considerable actuarial 
value. Once the parameters of a 
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population law have been estimated, 
predictions of a very practical nature 
may be made. Thus we could maxi- 
mize the number of crossings of the 
Warden obstruction apparatus (15) 
by a group of sexually deprived male 
rats by employing a 24-hr. depriva- 
tion period, regardless of whether this 
period produces a maximal number of 
crossings in any individual animal. 
Alternative solutions to the problem 
of individual differences. Clearly, the 
assumption of equal parameter values 
for all organisms which formed the 
basis for equation 16 must be rejected. 
If we accept Hull’s solution and decide 
to establish laws about populations, 
equation 16 and subsequent equations 
may still be employed. We simply 
take, as the sO’z distribution, one of 
inter-individual differences rather than 
one of intra-individual differences, and 
proceed as before. With this solu- 


tion the theory remains testable with 
group data, but will suffer from the 


defect, previously mentioned, that it 
may not lead to appropriate explana- 
tory mechanisms for the behavior of 
individual organisms. 

The other solution is to continue to 
treat the sO’, distribution as one of 
intra-individual differences and to es- 
tablish laws about the behavior of 
individual organisms. It is to be 
hoped that similar organisms will 
exhibit similar laws, but this must be 
demonstrated experimentally before 
it may be presumed true. With this 
solution, data presented for a group 
as a whole can have little bearing upon 
the validity of Hull’s theory. A 
theoretical statement of the relation- 
ship between the experimental vari- 
able and the mean response for the 
group will be extremely difficult be- 
cause of the differences in parameter 
values for the different animals in 
the group. 

A choice between these two methods 
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of resolving our problem is not easy. 
Perhaps it is not necessary at this 
time. Research workers may use the 
theory either with groups or with 
individuals, provided that the differ- 
ence between the two usages is recog- 
nized. 


SUMMARY 


A literal interpretation of the postu- 
lates presented in Hull’s Principles of 
Behavior was shown to lead to predic- 
tions markedly different from Hull’s 
empirical equation summarizing an 
experiment upon which his theory 
was based. Without clarification and 
simplification of the theory, it is 
believed that most predictions rigor- 
ously deduced from the theory would 
contradict or at least differ in form 
from Hull’s empirical equations. A 
comparable statement could be made 
for each of the later postulate systems 
developed by Hull. 

Three levels of specificity in predic- 
tion from Hull’s theory were dis- 
cussed: First, the prediction of in- 
equalities in response measures from 
inequalities in experimental variables; 
second, the prediction of the general 
form of relationships between vari- 
ables; and third, the prediction of 
numerical values for parameters in 
theoretical equations. The theory 
was seen to be most severely tested 
by predictions of the most specific 
nature. Some of the failures of Hull 
and others to make predictions con- 
sistent with the theory were attributed 
to the false belief that the deductive 
procedure is necessarily simplified by 
making predictions at a low level of 
specificity. 

Finally, the fact that individual 
organisms differ in their parameter 
values was recognized. Two ways of 
theorizing which are consistent with 
this fact were considered : In one case 
Hull’s equations are taken to hold 
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for the population as a whole, in 
which case the theory has predictive 
usefulness but may lack explanatory 
value. In the other case, equations 
are to be established for each organ- 
ism separately, and will be taken to 
describe the process of behavior 
change in the individual, whether or 
not they lead to predictions of be- 
havior in other individuals. 
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